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iNTERNATIONAL DATA ACQUISITION
1. 0 LNTIROI)UCTION AN;) SUMLARY
The primary objectives of this study are to establish the relative merits of
several international data acquisition (IDA) alternatives for EOS and to rate these
alternatives on a cost-effectiveness basis. The primary alternatives under con-
sideration are:
Option 1: Direct transmission (D. T.) to foreign user ground stations
Option 2: A wideband video tape recorder (VBVTR) system for collection
of foreign data and processing and distribution from CON S.
Option 3:. A TDRSS configuration for the relay of foreign data to CONUS
for processing and distribution.
A requirements model is established foi" this anmlysis on the basis of the
heaviest concentration of azricultural areas around the world. This model, the
orbit path and constraints of EOS and data volume sumnmarics are present, d in
Paragraph 2. Alternative system descriptions and costs are given [n Paragraph
3 and systern cost-performance summa ries prescr ed in Paragraph 4. Conclusions
and recommendations 'f the study are in Paragraph 3.
In summary, this study establishes a quantitative measure of the relative cost-
effectiveness of IDA alternative configurations and their technical risks for the EOS
program. A hybrid configuration of the D. T. and WBVTR options is demonstrated to
be a low risk and cost- effective option for low volume data missions while the TDRSS
configuration is the most cost-effective for large data volume scenarios but with
attendant technical risks. The senstivity of the TDRSS costs to the particular manner
in which costs are proportioned betweea system users is also demonstrated. This
impacts the cost-effectiveness rating of the TDRSS approach and together with this
option's technical risks forms the basis of a recommended lower risk IDA hybrid
system configuration.
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2.0 REQUIREMENTS MODEL
2. 1 AREAS OF TIIE WORLD AND USER NEEDS
The requirements model employed in this aralysis assumes that the land areas
of greatest interest are those that coincide with the heaviest concentration of agri-
cultural areas. These areas include the continents of Australia, South America, Asia
(including USSR), Africa and Europe. Great potential benefit can be derived to the
remote sensing users in these and adjacent areas if thematic mapping or high resolu-
tion image data could be provided to monitor crop :_rowth, disease and insect problems
and irrigation status information. Furthermore sncee little tilled land in the world
lies north of latitude 30-N or south of latitude 60'S: primary attention is in the mid-
belt zone of the world hctwecn those latitudes. Finally, the coverage required to
Include one major crop, such as wheat, places a lower bound on the data analysis
volume of interest.
The International Data Acquisition (IDA) analysis has therefore concentrated
on three levels of data volume or coverage. The first coincides with the complete
coverage of these five land areas; the second the a reas lying within the tilled land
belt and the third the subset of these areas containing the major concentration of
v/heat.
2.2 EARTH TER.MLNAL LOCATIONS AND COVERAGE
In order to provide the coverage necessary for the areas of the world cited
above using the direct readout option for the EOS data to foreign users, it is necessary
to locate ground stations at strategic places in or :adjacent to the areas of interest.
For this analysis seven regional ground stations have been used with the following
locations and minimum elevation angles of observation:
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Australia
Darwin - 5'
South America
Caracus - 5'
Santiago - 5'
Turkey
Ankara - 5'
Spain
Madrid - 5'
Africa
Johannesburg - 5*
India
Bombay - 5"
These locations were selected on the basis of adequacy of land area coverage with
minimum overlap of station patterns.
The CONUS sites of interest for WBVTR dat. dumps of option 2 are:
Alaska - 5°
NTTF - 5.
Goldstone - 5"
A precise description of the exact role of each location in the IDA analysis
will be provided in subsequent sections, however, each of these locations has been
examined in the analysis.
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2.3 ORBITAL DATA AND PATH CONSTRINTS
Figure 1 illustrates a typical day's orbits for the EOS, the location and coverage
patterns of the three CONUS stations and the location of foreign user stations employed
in the IDA analysis. When regional stations were assumed in the analysis at foreign
user loactions, 5' elevation coverage patterns similar to those in CONUS were
employed; low cost ground stations (LCGS) at foreign user locations employed a 30'
elevation coverage pattern.
EOS orbital data of interest includes:
0 Altitude 678. 01 KM
* Period 98.31 minutes
e Inclination 98. 09'
* Complete orbit cycle 17 days
* Orbits 'day 14. 65
0 Orbit change/day 8.6*
O Orbit separation at equator 24.67'
* 3 day revisit cycle
- 86. 9 N.M separation of adjacent swath ; with 13.13 e overlap
In order to quantitatively evaluate the performance of the three primary alternative
methods of providing image data to foreign users, a detailed analysis of three separate
days orbits was conducted. The orbital days analyzed corresponded to the first, the
third and the twe-thirds interval of the basic 17 day orbital cycle of EOS. The total
available time (in minutes) over each land area was calculated for each of the orbital
periods and then compared to the data availability time provided by each of the three
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altornatives; direct transmission, WBVTR and TDRSS. The time the EOSspends
bitween various latitudes on its orbit and the distance covered in this interval is
gl\vii In Table 1. These data were used in conjunction with Figure 1 to determine
tho lippropriate time availabilities of interest.
Latitude Interval Time Spent Distance
(minultes) (N. m. )
Zenith - 70* 4.75 1000
70 - 600 3.25 675
60 - 50* 2.75 625
50 - 40' 2.75 600
40 - 30" 2.75 575
30 - 20* 2.75 575
20 - 10* 2.75 575
10 - 0* 2.75 575
Table 1. EOS Latitude-Time Data
2..', 1 Path and Alternative Constraints
For the direct transmission D. T.) alternat.ve, th, primarv constraint on
(data availability is the coverage provided by the assumed foreign site ground station
loations and elevation angles. Assuming that ea h of tte seven foreign sites listed
in 'tParagraph 2.2 is occupied by a regional statio: with 5* elevation angle, a substantial
por~:cntage of the land masses of interest will be Jn view of the stations. Only land
nasces at the higher latitudes and/or in the countries of Asia and USSR will not be in
view of these sites.
For the wideband video tape recorder (WBVTR) alternative the percentage
coVerage is limited by two primary factors:
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1. The tape recorder capacity limits, i.e., 13 minutes of data at 200 Mbps;
2. The necessity of dumping data at a site that is in view on the same orbit
in which data was collected or paying th- penalty of additional storage
if successive orbits pass before a data dump opportunity arises. For
this analysis only the Alaskan and Goddard sites were used as WBVTR
dump sites and a day light recording pass over the land areas of interest
was assumed. The data dump periods . ere not constrained to occur only
at night time although this has potential impacts on the scheduling and
processing loads at NTTF.
The TDRSS alternative provides the capability of 100% coverage of all areas of interest
with the exception of a small zone of exclusion (Z( E) that results when neither of
the two TDRSS satellites is in view of the 678 Km i:OS. This ZOE is shown in
Figure 1.
2.3.2 Typical Orbit Cases
In order to illustrate the analysis methods rnd procedures used in this study,
typical orbit calculations will be presented in this paragraph. Consider orbit No. 7
shown in Figure 1; this orbit begins at 335' latitude at the equator and terminates
at 501V latitude; accouming for the following data :vailability times along its orbit:
USSR 6 minutes, day light
Australia 5. 5 minutes, day light
South America 6. 86 minutes, night time
Africa. 0 minutes
Europe 0 minutes
Of these available data times, regional ground stations at the direct trans-
mission sites would be capable of observing the fdllowin; times:
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Australian Terminal (50) 5. 5 minutes (1,0% , of time available over country)
South American Terminals
Santiago (5") 0 minutes (0%, of time available over country)
Caraeus (5') 1. 2 minutes (1'. 5% of time available over country)
Alaskan Terminals (5') 3 minutes (50C of time available over USSR)
The Alaskan site also provides the opportun ty for 8 minutes of WBVTR data
dump on this pass. Note that in this case the 8 minute pass for tape recorder data
dump is in day light but the orbit carries the satellite over water for most of the
coverage time. This last factor influences the desirability of this orbit for data dump
since while the satellite is over water, there is le. s likelihood that direct readout
of other data would be scheduled for that pass over Alaska.
The data availability times for this and other orbits can be obtained from the
EOS latitude-time table (Table 1) presented in Par graph 2.3 and observations of
the orbit ground track over the various land mass( ; given in Figure 1. I). T. data
availability times are computed in a similar fashi( i but in this case only the orbital
ground track that is within the coverage pattern of the site is counted.
WBVTR data dump time can be ascertained from a coverage analysis of either the
Alaskan or NTTF (Goddard) sites on an orbit-by o:bit basis. However, in this case
only orbital data collected from a preceding orbit is normally available for readout
from the tape recorder.
The analysis of fucceeding day's passes can be conlucted by sliding the orbits
shown in Figure 1 to the west 8.60 per day and repeating the same pattern of orbit
tracing for that day's (14) orbits. When this proce( dure was followed for all of the
orbits examined in this study, several significant results were obtained that impacted
the WBVTR alternative results. First for this alt:rnative to be viable for data analysis
collected over both Eastern and Western Europe, at minimrum of 5 orbit periods elapses
before that data can be dumped at Alaska. On the Ather hand, if the Goddard site is
used as a data dump site only 1 to 2 orbit periods elapse for the Western Europe
data and 2 to 3 orbit periods for the Eastern Eurol.e data. Second, South American
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data collected on any orbit pass can be dumped on the next orbit (the manner in which
orbits are numbered in Figure 1 dictates this observation) for the Goddard site but
cannot be dumped at Alaska without storage for bc ween 2 to 3 orbit periods. These
results have a significant impact on the percentage of available data provided by the
WB3VTR alternative, the storage requirements for the spa cecraft tape recorder or
number of WBVTRs carried and the desirability of having at least two sites (Goddard
and Alaska) at which data collected over these land masses can be dumped. Finally
without the WBVTI alternative IDA configuration large p(rcentages of land areas or
equivalently data availability time \ould be lost due to the nonavailability of D. T. ter-
minals over the Asian UTSSR continent and preclud -s the possibility of reducing D. T.
system costs by providing partial coverage of critical agricultural areas using the
WBVTR alternative in conjunction with D. T. term:nal readout over more easily
accessable land areas. This latter hybrid (combin~ation cf D. T. and WBVTR alter-
natives) configuration will be discussed further in -ubsequent paragraphs.
2.4 ORBITAL DATA ANALYSIS SUMMARY
The results of the orbital analyses dtescribel in the preceding paragraph are
summarized in Table 2. The land areas of intere st in tnis study arc given in the first
- column. For each of these areas, the following statisticE were calculated; the
averaze orbit pass d(hrntion, the total orbit ti,:e ever tha area for all orbits ana!vzed
(3 days), the total data time available for the direct transmission alteiniative and the
corresponding data time available with the WBVTIR alterritive, for both an Alaskan
readout only and an Alaska plus Goddard readout Etation cases. An indication is also
given, in column 4, of the relative fraction of the D. T. time at each site for a given
land area. It should be noted that the Indian site N ielded very little coverage, per-
O centage use, for the total land areas of interest and could be dropped from considera-
tion without affecting the statistical significance o' the relative performance merits
of the alternative IDA configurations. This site's contribution has not been included in
the total time summary given at the bottom of Table 2.
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Table 2. Orbit Data Summary 1,)r IDA
Average Orbit Time WBVTR Time (minutes)
Pass Time Available D. T. Time Alaska
Land Ari.A (minutes) (minutes) (minutes) Alaska & Goddard
Australi.i 5.14 20.55 20.7,5 17.8 17.8 r
AT = 2.7
(Australian Site) (rel to Alaska)
South An1 ,hla 9.83 59.6 50.' 0 47.3
(1/3 Caracus) (next orbit) (next orbit)
(2/3 Santiago) *2-3 passes
to dump data
USSR/Asi:L 7.29 124 23., 111.6
(1/2 Alaska)
(1/2 l!dia &
A 1kara)
Africa 10.69 85.5 52.7 21.25
(1/2 V"adrid &
i nka ra)
(1/2 J hannesburg)
E. Euro,. 8.75 17.5 14 (\nkara) ** 5 passes " 2-3 pases
storage storage
\V. Euro;,, 7.57 22.7 12. 8 (Madrid) *** 5 passes *** 1-2 passes
storage storage
"'s - In:,: .c spacecraft storage problems if data is to be dumil d at tjis site.
ota Is:
1. Land , ;s: all areas given 329.85 174.65 (53 ) 150.65 (45.7c) 200. 65 (61%)
(avg. d.l day) above) (110)
2. Tille,&2 inds excluding 267 174. 65 (65) (56%) 75%
N & S of 60')
3. W'hea: ,--p iforeign only) 70 64 (91. 5) 59 (84%) 61 (87%)
4. TDR-.7OE 297 (90%) all land areas, 98C tilled land an(' 96% wheat crop
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The total times given are indicative of the overall orbit time for all land areas
given in column one, the total time over tilled lands in these same areas (those lying
between 60'N and S) and the time over the major wheat areas outside of CONUS.
Each of the alternative IDA configurations yields the percentage of these total available
times that is listed in succeeding columns of the table. For example, the D. T. system
gives 17-4. 65 minutes or 53- of the total orbit time over all land areas, the WBVTR
alternative gives 45.7% and 61% respectively, depending on whether the data dump
site location is restricted to Alaska or includes both Alaska and Goddard. In the
case of the WBVTR results, only data that could be dumped on the next orbit
(following collection) was considered in the calculation of the data availability times
for these options. If attention is confined to the rclative performance over tilled
land areas, the respective percentages of available time for the D. T. and WBVTR
(both sites) configurations are 65 and 75% respectively. The foreign wheat crop
results are shown in the last row of the total results summary and are not significantly
different for any of the configurations. Finally, with a TDRSS configuration, virtually
all of the total land area considered is available with the exception of the zone of
exclusion region shown in Figure 1. The TDRSS configuration is therefore capable
of yielding 90', of the total available time for land area data, 98% of the tilled land
area and 96'C of the wheat crop data time.
The relative performance rating of each ID;'. configuration is shown in Table
3 based solely on the percentage of available time each provides. The TDRSS configura-
tion is clearly superior to the other configurations followed by the 2 site-WBVTR
configuration, the D. T. system and finally the single site WBVTR system.
The results for the wheat crop data are not felt to be statistically significant
since all configurations give a sizeable percentage of the total available time and
with both the D. T. and TDRSS configurations the missing areas canfiot be recovered
due to the inherent holes in the coverage patterns of either of these systems.
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Configuration IHting Percent All Land Percent Tilled Land Percent \Wheat Crop
TDRSS 1 (90C) 1 (9S%) 1 (96%)
WBVTR 2 (61%) 2 (75%) 3 (87%)
2 sites
D. T. 3 (53%) 3 (65%) 2 (91.5%)
WBVTR 4 (45. 7%) 4 (56 ) 4 (84%)
1 site
Table 3. IDA System Performance Ratings
The only system capable of providing data on all wheat crop locations is the
WBVTR configuration and for the European wheat areas, this coverage requires
significant spacecraft storage since the data cannot be dumped on the next orbit pass
following collection.
Although the statistical results presented all(,., a quantitative comparison of the
relative merits of each IDA configuration, addition: I factors must be assessed in
order to properly judge the potential benefits and divadvantagcs of any one system
configuration. The WBVTR configuration, particul,rly if only one dump site at
Alaska is assumed, implies significant storage onboard the spacecraft to collect
most of the European and South American agricultural data. In lieu of requiring 3 or
5 tape recorders on the EOS, the collection of the d.ta in this area would preclude the
use of the tape recorder.over other areas until the clump site became visible to EOS.
As indicated in Table 2, this implies between 2-5 orbit periods for which no further
data collection would be possible. An alternative to requiring additional storage on the
spacecraft is to accept the 2-5 orbit period delay before this data is available over
a CONUS data dump location. This may be an acceptable operational procedure in
cases where only a low volume of foreign data is collected and there is no critical
need for real time(next orbit) processing. Wheat crop data collection is an example
of one mission where this may be an acceptable alternative.
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The D. T. system results are obviously sensitive to both the number and
coverage pattern of the foreign ground terminal sites. The results obtained in this
analysis employed six (excluding the Indian site) sites with a 5' clevation coverage
pattern. Even with this configuration approximately one half the land area data of
Interest was not available due to either site locaticn limitations (noticeably in Asia/
USSR) or coverage pattern holes.
Although the TDRSS configuration provides tl, highest percentage of data and
does not suffer from the problems inherent with either the TR or DT systems, it
too has inherent .coverage holes (ZOE) and its cost must be assessed to obtain its
true cost-benefit rating.
With any of these.configurations the average daily load of 110 minutes of data.
which conerts to approximately 240 scenes of TM or HRPI imagery information,
implies a sizeable processing load to any data redvction facility.
A hybrid system consisting of a combination !)f the D. T. and WBVTR configura-
tions is an attractive alternative. Such a configur: ion could allow the coverage
problems of the D.T. system to be augmented by tle TR and reduce the storage
and,'cr orbit out:!ge time due to the WBVB'TR c: pcic" and visibilit: limitations o.-er
Europe and South America by foreign site placemeni in these areas.
Final conclusions concerning the best alternative system configuration depend
on the costs to provide the coverage performance demonstrated in this study. These
costs figures will be presented in the following par:graphs and final conclusions and
recommendations given on the basis of best cost-benefit or cost-effectiveness ratings.
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SECTION 3 - ALTERNATIVE SYS7EM DESCRIPTIONS
A number of methods of providing transmission of imagery data acquired from
the EOS mission to foreign users have been considered. These methods, alternatives
and costs are discussed in the following paragraphs.
3.1 DIRECT TRANSMISSION SYSTEM
For this mission option, data would be acquired by the EOS sensors (HRPI and
TM) while over the desired foreign user area and would be transmitted without delay
from the spacecraft to a foreign user ground static n. Transmission will be at X-band
utilizing the same spacecraft equipments used for transmission of data to STDN sites
or Low Cost Ground Station sites. It is assumed that the same two data rates will be
used, 240 Mbps and 20 %Mbps depending on the cap: bility and requirements of the
ground stations. It is estimated that approximately 6 regional ground stations and
perhaps as many as 50 LCGSs would be employed.
The primary impact on the overall EOS proj ram to provide the direct data
transmission capability is in the area of the additimnal programming and scheduling
required to facilitate the data dumps.
3. 1. 1 Spacecraft System Description
The spacecraft communications subsystem required to enable direct
transmission of data to foreign users is essentially the same as that required for the
EOS CONUS mission. This consists of two X-banti communications subsystems
including modulators, antennas, up-converters and RF oatput devices. The baseline
subsystem chosen consists of a 4 watt output tran. mitter, a QPSK modulator and a
steerable 1.6 ft. diameter antenna for the widebar d 240 Mbps link. For the 20 IMbps
LCGS link, a 40 watt output X-band transmitter, . n earth coverage antenna and a
BPSK modulator will be used.
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A block diagram of the baseline spacecraft c )mmunications subsystem is shown
in Figure 3-1.
3.1.2 Ground Terminal Description
The individual foreign user ground terminali will be provided, operated and
maintained by the particular user or area requiring coverage. The primary regional
ground terminals will be designed to receive the high datZa rate downlink signal 
and in
conjunction with the baseline spacecraft communications subsystem design provides
an E/N of 12 dB for a bit error rate of 10
-5
. Sfficient link margin exists to allow
reduction in the size of the ground antenna from the 30 ft. used at the STDN sites.
It is found that a ground antenna of approximately 18 ft. (iameter provides sufficient
margin to meet the system requirements dependirg on thte desired minimum elevation
angle. An 18-ft. X-band tracking antenna and pedestal will therefore be required
at each regional ground terminal. Other equipments required are: an uncooled
parametric preamplifier of sufficiently low temperature: to yield an overall
system noise temperature uf 165' Kelvin, an X-band receiver front end (LO,
Mixer, IF) with an approximate 200 MIHz 3 dB bandwidth, a 240 Mbps quadraphase
(QPSK) demodulator, bit synchronizer and bit detector and data processing and
recording equipments as required.
The Low Cost Ground Stations (LCGS) are complete, independent, receive only,
ground terminals which will be used by independent observers to receive the lower
resolution 20 Mbps BPSK downlink signal from the EOS.Epacecraft. The LCGS ground-5
terminal parameters (G/T) are chosen to obtain the required 10 bit error rate.
These ground terminals should be built to cost in the range of $75-500K. As currently
envisioned, the LCGS will consist of the following: a 6-ft. X-band parabolic dish
antenna (this size antenna is required with the ba:;eline S/C ERP to stay within the
CCIR recommendations for power flux density), ,n autd, programmed or manual
tracking system depending upon cost, an uncooled parametric amplifier to yield an
overall system noise temperature of 165 0 K, a receiver front end with a 3 dB band-
-width of approximately 30 MhIz, a 20 Mbps biphase demcdulator, bit synchronization
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and bit detector circuitry and recording capability. Some LCGSs may incorporate
data processing and handling equipment sufficient to produce a finished data product.
However, most stations will merely record data for processing elsewhere.
3.1.3 Cost/Peformance Data
The costs associated with implementing the foreign user Regional Ground
Terminal for direct transmission will be for a complete X-band ground terminal
including data recording and processing. The cost should be less than that for a
STDN site due primarily to the smaller antenna size required (18 ft. instead of 30-40
ft. ). The ground terminal design is dictated to a large extent by the spacecraft
communications subsystem ERP, the data rate and the required bit error rate. The
use of a cooled parametric amplifier instead of the proposed uncooled one would
reduce the overall system noise temperature and Nwould allow a corresponding reduction
in the size of the ground terminal antenna. It is not felt that this would be justified
for this design. Very little cost/performance trade-offs are possible for the down
converter and IF amplifier designs. The QPSiK demodulator also leaves little room
for cost trades.
The cost of one or two wideband video tape recorders and data processing
equipment must be considered for-the Regional gr und terminal. The data processing
costs will depend upon the degree of processing r-:quired for the finished product by
the foreign user.
•.:I, The low cost ground stations will be designed to'be as inexpensive as possible
(approximately $100K) total cost. The LCGS design is constrained also by the available
spacecraft ERP and data rate. The major cost trade areas are the antenna size and
type of steering provided and type of preamplifier employed. A considerable savings
can be realized if the antenna is programmed tracked instead of auto track and even
greater savings if manual tracking is employed. The preamplifier described for the
LCGS is an uncooled parametric amplifier with a noise temperature of 1650 Kelvin.
A substantial reduction in cost would be possible if an FET preamplifier with a noise
temperature of 6 dB (8700) was utilized.
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Additional cost will be required to provide a wideband video tape recorder
capability.
The risks involved in providing the direct transmission option appear to be
negligible.
3.2 WIDEBAND VIDEO TAPE RECORDER (RWVTR) SYSTEM
This option includes the addition of a wideband video tape recorder to 
the
spacecraft for recording of data acquired over foreign user 
areas to be dumped later
over a CONUS STDN site (Alaska site provides best coverage). Tapes or finished
data products are then shipped to the individual foreign user areas. Since 
the Alaska
STDN site is one of the three sites specified for modification to X-band for EOS use,
this station will be capable of receiving and recording the wideband 240 Mbps high
resolution data. The tape recorder can also be utilized for the first option considered,
Direct Transmission System, to accommodate excess data that cannot be dumped 
to a
foreign user ground station during an individual orbital pass within view of the 
station.
3. 2. 1 Spacecraft System Description
The spacecraft system for the WBVTR opticn wi!l consist primarily of the
addition of the recorder and the interfaces required between it and the sensors (HIRPI
and TM) and the QPSK modulator of the high data rate X-band communications sub-
system. Record and operate powers must be considered in the overall 
spacecraft
power profile and spacecraft power subsystem design. 'These powers 
are 205 watts
during the record mode and 270 watts during the playback mode. The average power
per orbit is estimated at 56 watts. The read-in and read-out rate of the 
recorder is
200 Mbps and the time required to load or unload is 13 minutes resulting in total data
storage capacity of 1. 56 x 1011 bits. The weight of the recorder and power supply is
225 pounds and the volume is 5. 86 cu. ft. The tape length is 6500 ft. with a tape speed
not to exceed 100 inches per second. It will also be necessary to provide the interfaces
in the EOS S/C to the data communications subsy:;tem and to provide the required
primary power.
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3.2.2 Ground Terminal Description
As discussed previously, the Alaska STDN site will be converted to X-band for
EOS mission use. This will involve providing a new S-bind/X-band feed to the 40 ft.
parabolic antenna and perhaps a completely new X-band receiver and preamplifier.
The received data will undergo either no processing, with shipment of tapes to the
foreign user, or will be transmitted via DOMSAT to GSFC for processing prior to
shipment of finished products to foreign users.
3.2.3 Cost/Performance Data
The wideband video tape recorder is a new develop nent item in that it is a
modification of the ERTS recorder design. It will have a much higher capability than
the ERTS recorder, however, it is not anticipated that the cost will be significantly
increased over the previous cost. This has been attributed to the learning process that
has already transpired. It is estimated that the EOS recorder including integration into
the EOS S/C will cost $1. 0M.
The major costs involved with the WBVTR option include the recording of the
wideband data at the Alaska STDN site and the transmission of the data via DO'MSAT
or by mail to GSFC, and the costs involved in the processing of the data at GSFC.
If the DOMSAT approach is used, it would require the establishment of a I)OMSAT
terminal at ULA or that the data be relayed to the nearest DOMSAT terminal. Shipment
of the tapes by mail to GSFC for processing is obviously the least costly. The use of
the DOMSAT would require leasing a number of channels which would be comparatively
expensive, however, the foreign user would receive the data in a much more timely
fashion.
The individual foreign users must make a decision on cost versus timeliness of
data product reception.
The risks of providing the WBVTR as a mission option appear to be small since
the basic recorder design is established. However, a considerable weight penalty is
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Involved in providing the WBVTR option (225 lbs.) and if more than one recorder is
required the weight could become excessive.
3.3 TRACKING DATA RELAY SATELLITE SYSTEM (TDRSS)
The proposed NASA TDRSS could be used for relay of high data rate information
(300 Mbps) between an earth orbiting satellite (altitudes r 5000 km) and a central ground
station in CONUS (probably White Sands, New Mexico). For altitudes above 1200 km
virtually complete coverage is obtained while at the orbit altitude considered for EOS
(678 kin) a very small zone of exclusion exists. The TDRSS system operates at
both S-band and Ku-band with the high data rate single access user spacecraft to
Tracking Data Relay Satellite (TDRS) link being at Ku-band. Foreign user data from
the EOS spacecraft sensors will be transmitted to the TDRS as the data is being
acquired over a user area. The TDRS acts strictly as a bent pipe repeater to relay
the data to the CONUS ground station. At the ground terminal, either the data will be
recorded on tape without processing and shipped to the fot-eign users or processing
will be performed after the data is routed to GSFC or Sioux Falls via DOMISAT.
3.3.1 Spacecraft System - EOS/TDRSS
The EOS spacecraft communications subsyst,-m will consist of the X-band
equipment described in Paragraph 3. 1. 1 and an additional K-band communications
subsystem added to cnable comunuicatiotoart t t hrouLgil the LraciKng 1)aLt I:,'ay
Satellite for internationaldata. The Ku-band subsystem required to support a
-a
data rate of 210 Mbps at a bit error rate of 10 - is the following: a K -band QPSK
u
modulated transmitter with a power output of 16 watts and a steerable 7 ft. diameter
K -band parabolic dish antenna. Interfaces and switching will be provided to transfer
the high rate instrument data between the X-band and the K -band subsystems. TheU
X-band communications subsystem is used as described previously for transmission
of CONUS acquired data to STDN sites.
The Ku-Band S/C subsystem configuration is given below. Primary EOS
spacecraft power required to operate the subsystem is approximately 100 watts.
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Alternate K -Band S/C Subsystem for TDRSS Operation
Weight Power
Subsystem/Element Quantity Size (Lbs.) (Watts)
Ku-Band Communications 1 25. 5 Total 100 (Primary)
Subsystem
Includes:
16 Watt Ku1-Band Output
Device (TWTA) 1 9" x 10" x 2" 4.0 80.0
QPSK Modulator 1 2" x 3" x 5" 1.0 1.0
Convolutional Encoder 1 1" x 2" x 3" 0.5 1.0
7.0 Ft. Steerable 1 7 Ft. Diam. 12.0 15.0
Ku-Band Antenna
Local Oscillator 1 1" x 2" x 2" 1.0 2.0
Up-Converter 1 2" x 2" x 3" 2.0 1.5
TWTA Power Supply 1 3" x 3" x 7" 5.0
3.3.2 Ground Terminal Description - TDRSS
The TDRSS ground terminal will be located in CONUS and will consist of three
04, Ku-band antennas (two operational and one backupI and operations and support
buildings. For EOS international data acquisition, the primary function of the TDRSS
ground terminal will be to receive the forecign user data relayed via the TDRS, perform
P4 recording and ship the data to the foreign users. The data will also be available as
required by interested U. S. agencies. The TDRSS ground terminal will also be used
for monitor and control of individual TDIISs.
Since very limited recording capability is planned for the TDRSS ground station,
this capability, if required for international data acquisition, must be added to the
ground terminal. Present NASA plans are to transmit wideband data from the TDRSS
ground terminal via a DONISAT to GSFC to be processed and recorded there with lower
rate data transmitted via microwave relay to Houston. Finished data products could
be shipped from GSFC to the foreign user.
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3. 3.3 Cost/Performance Data
The cost of supplying the additional S/C communications subsystem at
K -band to enable relay of data through the proposed NASA TDRSS must be considered.
It has been estirmated that the cost of the spacecraft subsystem will approach S1M. A
small recurring operational cost will be required for commanding on-board software
for antenna pointing, data transfer, transmitter operation, etc.
One of the most difficult problems associated with providing an EOS spacecraft
to TDRS link is the acquisition of the two very narrow beam antennas. The 7 ft.
diameter K u-Band parabolic dish antenna on the EOS spacecraft will have a HPBW of
approximately 0. 7 and the TDRS 12.5 ft. antenna has a beamwidth of approximately
0.4. To achieve acquisition, a wider beam antenna must be used on the EOS space-
craft coupled with a spatial search pattern. The necessary electronic circuitry and
mechanical dive mechanism must be added as well as circuitry to start and stop
search and to switch to this narrow beam antenna after acquisition has been accomplished.
The narrow antenna beamwidth also places more rigid requirements on the EOS
spacecraft attitude control requirements.
The major risk items to be considered for the TDRSS option are the problems
associated with acquisition of the TDRS as discussed above and the availability of a
space qualified K -Band TWTA in time for the EOS mission. Presently, a 16-watt
tube is available and it is believed that with the appropriate fundi-ng it could be
qualified. The additional spacecraft subsystem weight for the TDRSS option (approxi-
mately 26 lbs.) is not considered excessive.
Since the TDRSS is planned by NASA to be available during the EOS mission
time-frame, the ground station implementation cost will not be borne by the EOS
program. However, very limited recording capability is planned and the costs of
increasing the capability will be an EOS program cost. The costs of shipping tapes
directly from the TDRSS ground terminal to the foreign user or to CSFC for processing
and finished product shipment to the foreign user must be considered. Also, there
is the option of using a DOMSAT for transmission of data between the TDRSS and
GSFC with the DONISAT leasing and terminal costs to be considered.
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3.4 HYBRID SYSTEMS
The hybrid system most worthy of consideration for EOS international data
acquisition is a configuration that would employ both a spacecraft wideband video tape
recorder and direct transmission to foreign user ground stations. For this mission
option, data would be acquired over the foreign user areas and either transmitted
directly to a regional or local user ground station or recorded and dumped at the
Alaska STDN site or during a later orbit at a regional or LCGS site. The use of the
WBVTR would allow many areas not normally mutually v.sible between the EOS
spacecraft and a ground station to be mapped on a larger number of orbits.
3.4.1 Cost/Performance Data
The major cost considerations for the Hybrid System are the video tape recorder
cost (approximately SIM, each) and the transmission of dta between the Alaska
STDN site and GSFC and shipment of finished products to the user as discussed
previously. The major increase in performance available with this option is the
capability to map foreign user areas not mutually visible from the EOS spacecraft
and a foreign user station, store the data and dump it eitner at a foreign user regional
station or the Alaska STDN site. The capability will still exist for mapping and
direct transmission to some stations on many orb. s.
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4.0 SYSTEM COST AND PERFORMANCE SUMMARY
The preceding paragraphs described the basic configuration of each of the alter-
native IDA systems and the estimated costs of the configuration elements. The dis-
cussions in this paragraph will combine these system elcment costs with estimated
data processing and handling (mailing) costs needed to provide quality pictures to
the foreign users. In order to estimate the cost impact to EOS of each of the alternative
IDA options, a baseline EOS system is assumed to consist of:
Spacecraft
1. TM and HRPI instruments and data handling su system
2. Wideband communication subsystem
3. K -band transmitter subsystem
u
Ground System
1. Three primary ground terminals (Alask,, Golcdstone and NTTF)
2. Data processing necessary for CONUS collectel data only
In addition, the following cost breakdowns and ass mptiois have been made:
1. Ground terminal and spacecraft impact osts : re initial investment
costs.
2. Costs are based on a 10 year amortizat :n into rval
3. Data processing and handling costs are -ecurring costs. Processing costs
to produce final pictures from S/C wide )and d ita have been estimated to
be $ 4M1/year. These costs could be hither with a distributed processing
configuration such as is envisioned with the D. T. option due to the
replication of processing equipments at foreig-i sites. However in order to
simplify the comparative costs of the w debanil options a $ 4MI,/year estimate
has been used for all three primary alt rnative IDA systems.
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4. TDRSS costs are assumed to be SS00oM or $50Y/year over 10 years
5. The sharing of recurring costs between U.S. and foreign users has not
been addressed
6. EOS impact costs are confined to spacecraft costs to implement a particular
option since data processing and handling costs have not been proportional
between participating users or countries;.
7. Data handling (and mailing) costs are a small fraction of the processing
costs needed to produce TM or IHRPI pictures. Typically S 200K/year
The costs of each of the three primary IDA options and a hybrid system con-
figuration is given in Table 4.
The direct transmission case includes the costs of the six regional stations
discussed in paragraph 2 (the Indian site is not included) and the data processing
and handling costs (per year) required to produce and deliver high quality TM or
HIRPI pictures every day to each of 20 users per r gional station location. ' The
data processing is assumed to be done at the regicnal st, tion location with final
pictures mailed to the local foreign users.
The WBVTR option costs include the costs of 2 rec )rders on the spacecraft
Ind cui_!er data processin and handling cost to dis ibute t-hc fi d ncture
products to foreign users. Two tape recorders h: ve been assumed to accommodate
4 cases in which two orbit periods pass before data can be dumped at either Goddard
or Alaska.
The TDIISS costs are a function of the cost :llocatiln algorithm assumed for
the TDRSS. If the costs are based on percent ban iwidth occupancy for the IDA
mission, then one-half ($2531) of the projected ye rly TDRSS costs can be assumed.
That is, the IDA missions (200 Mlbps) use all of tie single access capability of a
single TDRSS satellite and there are two such sattllites in the system. Proportioning
costs on the basis of-time-bandwidth utilization, on the cther hand, would reduce
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Table 4. System Cost Breakdowns
C
Earth Spacecraft Data Processing &
OptIon Terminal Costs lHndling Costs Total Cost (cost Impact
to.EOS)**
1. D.T. with $(M $- .2M $10. 2M (0)
six regional
stations
2. \VBVTR - $2M $4.2M $ (.2M ($2M)
(2 TI's)
3. 'l'lSS * $1M $41.2M $30. 2M ($1 M)
a $25M (B\V pricin!:c $ 7.7M ($1 iM)
o $2.5M1\1 (i1T pricip,:
C'a
c 4. Ilybrid*** $0.(M $1 \M 0. IM $ 2. OM ($1M)
6 LCGS &
\VWBVTR
• *TDRSS - Prorated costs based on ba:ndwidth (BW) proportion used by EOS ($25M) or
m bandwidth time product (BT), $2. 5M
**EOS cost impact Includes only spacecraft equipment costs
: z
***Primarily intended for low data volume missions 0 M
z 0
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this figure by a factor of )/10th (110 to 150 (worst case) riinutes per day projected
load)) or $2.5 1M per year.
The hybrid system option includes six low cost grot nd stations (LCGS) and a
WBVTR configuration primarily intended for use v. ith a 1( \v data volume, wheat
crop only, type IDA mission. The LCGSs would be located in South America and
Europe (2 in South America and -1 in Europe) and provide direct readout of compacted
TM or IRPI data over those areas that could not be: recorded and dumped at Alaska
or Goddard on the next orbit pass. This option en:,bles tie use of only one WBVTIR
aboard the EOS and.is capable of 100'c coverage of the wheat crop areas of interest.
The processing costs for the compacted data have icen e:;timatcd at one-tenth the
costs of the wideband options due to the reduced data rat( capability of this option.
Wideband data can be mapped for selected wheat acas of interest by relying on the
WBVTR for data collection and accepting the 2-5 (.,orst case) orbit period delay
until the EOS is able to dump this data for CONUS processing.
The cost-effectiveness of each of these opticns is given in Table 5. The
measure used is dollars per minute of available d: ta. Fr both the total land
Table 5. Cost-Performance Compa:-son
Thousands of Dollars Minutes of Data
Option % Tilled Land Data Wheat Crop Data
TDRSS 29. 4K/min. (BT costing) 115K/min (BT costing)
115K/min. (BW costing)
WBVTR 31K/min. (2 TR)
41. 4K/min. (1 TR)
D. T. 58. 4K/min.
Hybrid 28. 6K/min.
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area and the tilled land area data volume cases, the TDRSS option gives the best
performance in terms of this cost-effectiveness measure ($/minute). This assumes
that the BT product costing algorithm applies to TJRSS. If the most expensive ($251M;
BW costing) costing algorithm for TDRSS is used, then it would be the least
desirable solution. The data for this table was obtiined by dividing the cost figures
of Table 4 by the performance data of Table 2 for ,ach of the options considered.
Note that the hybrid system gives better resilts th;in TDRSS on the basis of
low volume wheat crop data and hence is an attrac ive allernative in this case.
Neither the D. T. or the WB3VTR options were considered for the wheat
crop only or low data volume case since they are not as cost-effective as the hybrid
system. A hybrid system consisting of 2 regional stations (one is South America
and one in Europei and a single WBVTR would not give a cost-effectiveness measure
comparable to the TDRSS (BT costing) configuration and hence was not considered
in the tilled land area analysis.
5.0 CONCLUSIONS AND RECO.ILMENDATIONS
The primary conclusions of this study are:
1. For high data volumes, such as the tot! land irea and tilled land
area missions assumed in this work, t -e TDRSS configuration is
the most cost-effective of the IDA syst mn options. This conclusion
is based on a time-bandwidth product proportioning algorithm for
the TDRSS costs.
2. The 2 WBVTR option with data dumps both at 3oddard and Alaska is
the second choice for the large data volume IDA missions.
3. The cost-effectiveness of the TDRSS configurartion is hyper-sensitive
to the costing algorithm for the system and in fact impacts the measure
so drastically that the TDRSS can be ei.her the best or worst choice
depending on the cost allocations employed.
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4. A hybrid system of LCGS and a single WIBVTR yields the best cost-
effectiveness measure for a low data volume scenario such as a wheat
crop only mapping mission of foreign sites.
5. The hybrid system allows wideband data processing of selected wheat
areas to be accomplished in CON-US provided a delay equivalent to 2
to 5 orbit passes (98 minutes/orbit) is o:)erationally acceptable.
The flexibility and effectiveness of the hybrid system configuration and the
cost sensitivity of the TDRSS option form the basis for two recommendations in this
study area. First, a hybrid system consisting of : combination of the D. T. and
WBVTR configurations should be considered as a (andidate for both the high and low
volume EOS missions. The number, type and loc: tion of foreign based ground stations
that complement the WBVTR configuration and provide the optimum cost-effectiveness
measure for these missions can be readily establi hed. The present study has
demonstratcd the cost-effectiveness of a LCGS hylrid and inherent flexibility of a
combination of I). "T. and \VBVTR hybrids. Combi;ation. of regional and LCGS can
provide the necessary data volumes at reasonable costs and without the attendent
high risks of the TDPRSS alternative.
Second, the TDRSS cost-performance scnsitivity and planned utilization by other
space missions ma,e its viability for the EOS IDA mission highly cuestionable. The
technical risks associated with the acquisition of S'C narrow beamwidth antennas and
the development of a space qualified Ku band tube for the EOS time frame are
important weighting factors in the establishment of realistic cost-benefit rating for
this configuration. It is therefore recommended that a hybrid configuration be
considered as the prime back-up IDA configuratio 1 for the TDRSS option.
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10 USER/SCIENCE AND ORBIT TIME OF DAY STUDIES
10.1 Purpose:
To organize the user requirements for the spacecraft and instrument to
provide guidelines for design evaluation.
10,2 Conclusion:
o EOS spacecraft design should be flexible with respect to orbit time
of day.
- Cloud cover for the 900-1100 time period averages 5% less than
the 1200-1400 period for CONUS midwest agricultural region,
Reference Fig. 10-6.
- Atmospheric modeling has been used to predict maximum and minimum
signal levels in each spectral band. NASA specifications for
minimum radiance levels appear to be higher than the calculated
values; i.e., for some cases viewing will be irs trument limited.
Q4 See discussion in Section 10.4.6.
- Sun angle versus orbit time of day does not change rapidly for
low sun angles at high latitudes; however, at lower latitudes
nearer noon orbits give significantly higher average sun angles,
9 0
f Ref. Fig. 
10-5
- Near noon orbits yield best photometric information (maximum
brightness). However, water areas will be affected adversely
by sun glint within approximately a 100 cone, while recognition
of some types of vegetation is facilitated at or near solar
opposition.
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- Maximum daytime temperature difference for soils occurs at about
1330, Ref. Fig. 10-7.
- Shadowing at low sun angle is beneficial for such applications
as topography and landform.
o EOS system data provided at a frequency of at least 2 weeks will
satisfy 72% of the users. It is very desirable to provide data
every week or 10 days in which c;ase over 90% of the user applications
will. be satisfied, Ref. Fig iO-2a.
o EOS data of 30 meters resolutiol will satisfy 77% of the user appli-
cations. Capability of providii-g 10 meter resolution is desirable
to meet the requirements of the remaining 23% applications, Ref.
Fig. 10-2b.
o The 4 MSS spectral bands will satisfy 72% of the user applications.
The additional 3 bands provided by the TM are desirable: in order to
satisfy the remaining user applications, Ref. Fig. 10-2c.
o Spectral bands specified for th TM are all useful. Relative
priority of the 7 bands are MSS Bands 1, 2, 3 and 4 first priority,
and the thermal IR Band 7, (10. to 12.6Q) second priority. Signal
to noise problems in band 6 (2.)8 to 2.35A4) may make this band of
marginal value.
o Radiometric corrections increas in complexity with wider scan angles.
The variations in sun angle, atmospheric profiles, ground reflectivity,.
etc., over the field of view wi 1 be investigated and discussed in
the final report.
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o All spectral bands of one sensor- must be registered within one pixel.
o It is desirable that each quandrant of a scene have a data point
specified with its geographic c rrdinates.
o The major products will probabl be 70 mm B&W negatives and CCT's
once technology is disseminated
o Industrial users now account fc' 37% of Sioux Falls output. This
percentage will probably exceed 60% when EOS is launched, due to
an anticipated large increase i L technology transfer resulting in
exponential increase in demand 'or data, Ref. Fig. 10-1.
o Monitoring of world food produc ion regions is a very visible appli-
cation of EOS and warrants emph -sis, Ref. Fig. 1O-3a.3b,3c,3d,3e,3f,
3g,3h,3i
10.3 Discussion:
10.3.1 User Applications/Requirements
A list of approximately 235
recognized and accepted user appli ations was employed as the basis for
the trade study against which we establshed system requirements and opera-
tional parameters useful in measuring t te effectiveness of the EOS system.
These user applications versus EOS syst m requirements are arranged in a matrix
format for the disciplines of Agricultu e, Forestry, Land Use, Water Resoirces
and Geology. Dr. Marion F. Baumgardner consultant to Grumman, established
the items of applications and the data equirements of these applications.
Considerable effort was expended to dev lop a list of applications which would
reflect the experience of Dr. Baumgardn,.r in the meaningful application of
spacecraft data to terrestrial problems
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With reference to the matrices, TEbles 10-1 thru 10-5, in the 
r'equire-
ments items are briefly discussed belo:
Col. A. Sun Angle - In general a high :un angle is preferred with the excep-
tion of some applications where topogr phic, landform and height 
information
is desired. (A trade-off must be made between cloud build-up, high sun angle.
and thermal IR data acquisition. This is discussed in sections 10.4.2,
10.4.3 and 10.4.4.
Col. B. Frequency - Where frequency of data is short, less than 10 days, it
is assumed that the time from EOS passage to delivery of data to the 
user is
also short 3 to 5 days. This latter iiem, throughput requirement, is not
included in the matrix. The majority f ap)lications requiring frequent
coverage in forests relate to quantity (forest management inventories) and
quality (insect infestation or disease breaJout). For monitoring agricultural
crops many applications require data a- one week to 10 day intervals. 
In as
much as agriculture areas are in both iorth and south latitudes this require-
ment remains throughout the year and i; not seasonal. For water resources
information during spring runoff data, very 1 to 2 weeks would be very useful.
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Col C Resolution - The resolution number entered does not imply that a larger
resolution is worthless, but rather that the smaller number 30m or 10 m for
example will be useful for the particular application. Forestry application
can use 60 meter resolution for identifying cover of one hectare while 30 meter
resolution is needed when dealing with a single species in heterogenous mixtures.
Ten meter resolution is beneficial in developing volume equations and monitoring
disease, stress and insect conditions.
The U.S. agricultural areas include large fields when compared to important
agricultural areas in other countries. In designating agricultural resolution
requirements major emphasis was given to the U.S. Thirty (30) meter resolution
(equivalent to 0.25 -acreas) is adequate for most application; although many
do not require such detail.
For water resource applications 60 meters resolution is adequate for the larger
bodies of water. For rivers, small lakes, etc. 30 meter resolution will be a
benefit. For water quality applications 30 meter resolution would be helpful.
Col D Radiometric and Geometric Corrections - It is assumed that the radiometric
corrections will be within 5% and the geometric corrections within 3 pixels.
Many forest applications do not require radiometrically corrected data for analysis
and interpretationof a single scene for a single date. However, quantitative
determinations of forest species and forest conditions will require radiometric
corrections. The thermal bands must be calibrated in order to provide quantified
temperature differences.
Agricultural applications requiring comparLsons or overlay of EOS scenes acquired
on different passes benefit considerably if data is radiometrically corrected. In
some instances it is a necessity.
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Water resource applications dealing with turbidity, sedimentation plumes, etc.
require radiometric calibration unless .dealing with a single scene on a sirnlle
date. Calibration of thermal data is nec:ssary for quantitative temperature
differences.
Geometric corrections are needed for HRPI nadir pointed where 10 meter resolution
is required. For comparison of data from different EOS passed geometrical
corrections are essential.
Cols.E.F- Spectral Bands - As yet the research community has not come up with
documentation for an adequate definition of the spectral bands which are most use-
ful for many applications. However, the TM spectral bands are useful for separa-
ting certain features of importance to agriculture.
For soils studies bands O.6-0.7r and 0.8 -,h. ave been found particularly useful.
For crop species identification, a thermal band, one or two reflective IR bands,
and the upper visible region have been found useful. For vegetation under
stress near IR, middle IR and thermal IR nave been found to be important.
Experience with aircraft data indicate that thermal scanning may be important
for studying internal drainage properties of soils and for studying moisture
stress in plants. The middle IR bands may also be useful in characterizing plant
moisture stress. For snow areal extent measurements and determination of moisture
equivalent the middle IR bands of the TM are essential.
For the High Resolution Pointable Imager the four spectral bands used on ERTS-1
seem feasible. The HRPI with its pointing capability will offer the possibility
of monitoring particular sites more often than can be done with the TM. While
offering specific advantages, this feature introduces many special problems.
The distortions introduced by oblique viewing will make geometric corrections
and temporal overlay quite difficult. For these and other reasons perhaps
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it is wise to include in this complex scanner only four simple wide bands.
dolumn G Synthetic Aperture Radar - No very convincing evidence has yet been
presented for the use of SAR for the agri,-ultural applications considered herein.
SAR does provide all weather capability in that is has the capability of pene-
trating cloud cover and viewing the earth's surface. The capability of SAR to
identify and characterize earth surface features does not approach the capability
of the multispectral scanner to perform such tasks.
The SAR does lend itself to the mapping of gross features and geometric patterns.
It has been useful in mapping the locaticns and shapes of lakes, rivers, and
land forms in regions of perpetual cloud -over.
Radar has also been suggested as a tool fer determining soil moisture. Its use
for this task has been carefully examined. This application is so fraught
with uncontrollable variables that it does not appear to be satisfactory.
Col H Registration - Since most applications will require the analysis of more
than a single band of spectral data, it is essential that all bands for the
Thematic Mapper and all bands for the HRPI be registered.
It would be most helpful if each quadrant of a frame of EOS TM data has a data
point which is registered precisely with a specific geographical coordinate or
address.
Many forest applications will require 10 meter resolution and registration of
the data bands. Utilizing the HRPI in a vertical mode (principal image point
= nadir) registration would be simplified. However, if the instrument must be
pointed the following information would be important to the user: location
of TM nadir point, principal point of HRPI, angular displacement of principal
point from nadir and the direction of displacement.
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Col I Products - There is strong evidence today that the trend over the next
five years will be towards the digital analysis of multispectral data from
Puture satellite information systems. If indeed this is the case there will be
numerous centers by the time EOS is launched that will have the capability for
digital processing and analysis.
It seems reasonable to anticipate that the main data products will be 70 mm b & w
negatives and computer compatible tapes. The user can then produce his own b & w
prints and enlargements for quick look analysis or for detailed photointerpre-
tation. The CCTs can be used for more quantitative analytical treatment and pro-
duction of images at larger scale than car: be achieved by photographic production
of enlargements from 70 mm negatives. Microfilm of CCT printouts could be
supplied to those users who lack computer facilities, but who have a requirement
to analyze the scene using the data with rinimum spatial, spectral and geometric
degradation.
The enormous quantity of data to be generated by EOS of necessity requires digital
analysis by users who expect to take full advantage of the EOS system.
A user who wishes to have false color images may produce them by compositioning
the appropriate bands of data, photographically or digitally. There will be
many users of limited quantities of data -ho will not have computer facilities.
In such cases, NASA, the EROS Data Center, or some other facility with the essen-
tial hardware and software (such as LARS) can produce the desired product for the
user, or provide the user with a remote terminal.
It is impossible now to predict with any certainty what data products will be in
greatest and least demand in 1980. One of the critical gaps in the remote sen-
sing field is the lack of awareness and training among potential users of this
new technology.
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The learning curve is still relatively flat. Once this curve turns up
and the knowledge of how to make use of the remote sensing information systems
there will probably be a great increase in the demand for satellite images of
small and very specific areas. With reference to Fig. 10-1, the industrial
users obtained more data from the EROS Program, Sioux Falls than the Federal
Government. This appears to be the beginning of a much greater demand from
industry. In anticipation of this demand surge, each scene should be de-
liverable (optically and digitally) as L scenes with geometric locating bits
for each quadrant.
10.3.2 APPLICATIONS/REQUIREMENTS SUMMARY
The primary system drivers in the area of user data requirements are
frequency of data, spatial resolution, and spectral bands. The requirements
listed on the matrices (Table 1-5), were summarized for each discipline and
then averaged for all disciplines. Bar charts of the results are shown in
Fig. 10-2a, 2b, 2c. For the discipline of -griculture of the 62 user applica-
tions listed, 18 (29%)require or will materially benefit from weekly data;
whereas, 37 applications (60%) require data only at a frequency greater than
3 weeks (or one orbital cycle). A listing of the requirements of the 235
applications averaged without weighting is ;iven in Table 6 below:
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TABLE 10-6
DATA CHARACTERISTICS VS APPLICATIONS
(Averaged without Weighting)
Frequency:
Greater than 3 weeks satisfies 69% of applications
3 weeks satisfies 720 of applications
2 weeks satisfies 84o of applications
1 week satisfies 100% of applications
Resolution:
60 meters satisfies 11% of applications
30 meters satisfies 77% of applications
10 meters satisfies 100% of applications
Spectral Bands:
4 MSS Bands satisfy 72% of applications
4 NS Bands plus 3 additional TM bands
satisfy 100%o of application.
10.3.3 USER REQUIREMENTS ON EOS TO COVER THE LAND MASS AND MAJOR
AGRICULTURAL REGIONS OF THE WORLD
(The impact of the international data acquisition load on the EOS system
design is treated in section 9 of this appendix).
Dr. M.F. Baumgardner, (Agronomist, TARS Purdue) delineated the major
agricultural regions of the world shown on Figs. 10-3a through 10-3i.
These regions are under pressure to expand food production. We examined each
of the major food crops to determine the average daily data load on the EOS.
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TABLE 10-7
SCENES PER DAY TO MONITOR THE WORLD'S
MAJOR AGRICULTURAL REGIONS
CROP TOTAL SCENES REAL TIME RECORDED
Wheat 55 15 40
Cotton 105 9 96
Peanuts 4 47
Sorghum & Millet 94 11 83
Maize 110 23 87
Rice 71 6 65
Soybeans 26 5 21
Cattle 207 37 170
Rangelands 264 42 222
*All Major Food 303 43 260
Prod. Areas
*NOTE: The same scene will often cover more than one crop. For reference
the total world land mass can be covered by approximately 413 scenes
per day, 54 real time and 359 recorded.
10.4 Atmospheric and Solar Effects
10.4.1 Introduction:
We have considered the various environmental factors which must be dealt
with to design an optimal remote sensing mission. First, we have looked at
the effect of solar zenith angle on signal quality. Since we have same leeway
in choosing orbit time of day we may select an optimal time for best viewing
conditions. Secondly, we have looked at the range of sun angles as a result
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of choosing a specific time of day and have taken a quick look at signal
levels expected in each band as a function of solar angle. From this we have
derived a first guess at maximal and minimal signal levels expected over the
entire mission. A complex atmospheric model was then employed to take a first
look at contrast degradation from the atmosphere and its variations with offset
angle. We then studied the various modifications of this model to define our
goals for the balance of this study.
In summary we have attempted to address ourselves to the following
questions:
1. What orbit time of day is best in terms of user requirements?
2. What is the range of signal levels the detectors will see and what
will the contrast levels be like?
3. What is the maximum useable offset angle and what happens to contrast
levels as this angle is approached?
4. What radiometric corrections will have to be applied to the data to
allow for atmospheric effects?
5. What happens to the contrast levels as the swath width of the
instruments is increased?
10.4.2 ORBIT TIME OF DAY- SOLAR ANGLE
In general, remote sensing of the earth is best for high solar angles
(near Zenith) and becomes increasingly difficult as the sun goes much below
300 from the horizon. The exceptions are those applications for which shadow-
ing is beneficial such as in sane geological and cartographical surveys for
example. It may be stated that many more user applications will be satisfied
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by higher rather than lower sun angles. Near noon orbits yield best photo-
metric information (maximum brightness). However, water areas will be
affected adversely by sun glint within approximately a 100 cone, while
recognition of some types of vegetation is facilitated at or near solar
opposition.
The most important factor which limits the range of useful sun angles is
the increased shadowing effects that become apparent as the sun goes below
about 300. Target reflectivities will change with phase angle as will the
quality of the image seen from space due to increased atmospheric scattering
and absorption, but shadowing will be the first effect of importance.
With this as a guideline we may look at the available range of sun
angles as determined by the orbit time of day from the point of view of the
user. Apart from considerations of local weather and visibility, cloud cover,
etc., we may say that the optimal launch time for meeting the greatest number
of user requirements will be the one which allows the highest solar elevations.
Figure 10-4 shows the seasonal variation of solar angle ranges seen by EOS
over CONU S for a 9:30 A.M. and a 12 Noon orbit. The latitudes between 300
and 450 cover most of the CONUS. It is apparent that a near noon orbit will
provide good viewing conditions throughout most of the year for much of the
U.S., and that a good portion of the U.S. will have a good range of sun angle
over the entire year. Naturally those users requiring some amount of shadowing
will find that some regions of the southern U.S. will be less than optimal
for a good portion of the year. On the other hand a 0930 orbit will provide
good viewing conditions for all users over the entire U.S. for about 10 months
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of the year, while for a period of about 2 or 3 months of winter some sections
of the U.S. will have rather poor viewing conditions for those users for
whom shadowing is not an advantage. If a 300 sun elevation is considered
as minimal then a 12 noon orbit gives 5 weeks more of useable coverage for
the northern most CONUS than the 0930. Another plot, showing sun angle versus
time of day for different latitudes, Fig. 10-5, was prepared to show the impac
of time of day on the shape of the sun angle curve at the higher latitudes.
Sun angle versus orbit time of day does not change rapidly for low sun
angles at high latitudes; however, at lower latitudes nearer noon orbits
give significantly higher average sun tngles.
Viewing conditions over Alaska are relatively insensitive to orbit time
of day and in general there will be low sun angles corresponding to the
Alaskan latitude range of 550 to 700. Thus for example, on June 21 the sun
will reach a maximum elevation angle of from 330 to 570 depending on latitude,
and on December 21 some regions will be in total darkness throughout the day.
In general therefore one may expect less than optimal viewing conditions for
a good part of the year over much of Alaska for applications not involv-
ing shadowing effects. However, the more southerly latitudes will be avail-
able for remote sensing for a good part of the year during clear conditions.
10.4.3 ORBIT TIME OF DAY - CLOUD COVER
Based upon Grumman's experience gained on ERTS-A Experiment #589, in the
Virgin Islands we appreciate the problem of cloud build up in many areas of
the world during the morning. We obtained from the National Weather Data
Center, Asheville, N.C. Summaries of Cloud Cover for 11 stations located
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in and around the major agricultural areas of CONUS and also approximately 20
foreign stations near or in agricultural areas. These summaries are cumulative
for all years and are based upon 150,000 to 250,000 observations for each of the
U.S. stations; hence, the averages shown on Fig. 10-6 can be used to predict with
high probability the cloud cover versus time of day for the entire year. The
summaries will be further reviewed for the growing season in the major northern
hemisphere agricultural areas.
Based upon the U.S. stations; there is some advantage to launching the EOS
so that the local time of day approaches 0930. In Fig. 10-6 the overall average
of the 11 stations plotted shows 0.55 cloud cover for the period of 0600 to 0800.
This increases to 0.585 for 0900 to 1100 period, 0.62 for 1200 to 1400 and then
cecreases to 0.594 for the 1500 to 1700 period. Admittedly the advantage is
small for CONUS agricultural areas and might not be representative of the world
cloud cover situation. This aspect will be clarified for the final report,
Oct. 15, 1974.
10.4.4 Orbit Time Of Day - Thermal IR
For many applications the thermal IR period of maximum temperature differ-
ence occurs about 1330 and after midnight to dawn, see Figure 10-7. This is due
to changes in thermal emission during a diurnal or seasonal cycle. In many
cases the thermal emissions of two or more materials undergo a reversal rela-
tive to each other during a heating and cooling cycle. These effects can be
correlated with geophysical and geothermal properties of soil, moisture, plant
stress, marine processes, etc. For maximum utilization of the thermal IR band
the orbit time of day should be about 1330.
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10.4.5 ATMOSPHERIC EFFECTS ON REMOTE SENSING
Photometric remote sensing of the earth from space requires an understand-
ing of the effects of the intervening atmosphere on the quality of the images
seen at the detector. Atmospheric scattering and absorption including the
effects of various aerosols serve to modify the level of solar illumination
reaching the ground and tend to reduce target versus background contrast levels
as seen from space. The latter is a result of both the reduction of target
light by absorption and smttering out of the line of sight and the scattering
of nontarget light into the field of view.
10.4.5.1 Aerosols, and Their Effect
In Figure 10m8 are shown the aerosol height distributions for two different
atmospheric particle loadings. The "average dust" distribution corresponds to
clear sky conditions, while the "heavy dust" corresponds to seveze atmospheric
loading.
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In the range of wavelengths between 0.3 and 2.5 )5m, the effect of the
heavy dust loading, shown in Fig. 10-8, is to increase both the scattering and
the absorption by a factor of about 2. Thus, the heavy dust loading decreases
the ground irradian;ce in this wavelength range by a factor of about 2.
The concentration of aerosol constituents in polluted areas varies daily,
weekly and seasonally. These variations are the result of the interaction be-
tween the rate of production and the rate of dispersion, the latter being a com-
plex function of the meteorological conditions and the topography.
The production rate of most pollutants is highest near highly industrial
and populated areas, having a minimum during the night, augmented by settling
out during the night. Situations can also exist where dust from Sahara desert
storms may be blown as far west as the Carribbean to lower the visibility.
l0.4.5.2 ATMOSPHERIC ATTENUATION
The total downward irradiance at ground level derives from two sources,
direct solar radiation and diffusely scattered sky background radiation. In a
clear atmosphere the direct solar component varies very slowly with sun angle
as the zenith angle goes from zero to about 400 and drops to about 50o of
maximum at 600 following an approximate cosine law. The contributions from sky
background vary very slowly with zenith angle and are assumed independent of
angle down to 10 or 20 degrees from the horizon for our calculations. As may
be expected the angular dependence of direct illumination is even less for
decreased visibility conditions since more scattering takes place. An important
factor contributing to sky background intensity is the average ground reflec-
tivity which varies with the targets of interest. Thus for example sky bright-
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ness may be expected to be considerably greater in regions of extended snow
cover than say over a body of water where the reflectivity is only a few
percent.
In order to obtain a first estimate of the range of luminosities seen by
the spacecraft in each spectral band we employ a simplified atmospheric model
based on some ERTS measurements analyzed in Reference 2. In general the
signal L seen outside the earth'satmosphere from a spacecraft looking at the
nadir can be written as
L H L (1)
where H is the target irradiance, -C is the atmospheric transmittance,
is the target reflectance and Ld is the non-target light scattered into
the field of view. The functional form of the target irradiance, H, is given
by:
H 0 C5e 1 1 C K(2)
where H. is the solar constant (Ref. 6) 9 is the solar zenith angle and Hsry
is the diffuse component of irradiation. Rogers and Peacock measured TC
pqtt , and HsKy in the ERTS bands 4, 5, 6, 7 corresponding to EOS bands 1, 2,
3 and 4 respectively, for a sun angle of 490 in Ann Arbor, Michigan on
28 September 1972. For a first approximation we will assume these measured
quantities are reasonably representative of average viewing conditions of a
particular area, and attempt to trend the data for other sun angles to get an
idea of the range of illumination levels to be expected in each band.
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Strictly speaking these expressions apply only for monochromatic
radiation of wavelength , but to a good approximation the expressions may
be integrated over 4X the pass band of the detectors and divided by/ A . The
path radiance seen by the detectors is also a function of scan angle; i.e.,
wider scan angles accept more stray light. For the initial estimates of these
quantities we will make a narrow scan angle approximation to obtain some
rough estimates of the instrument performance. It should be noted that for
large scan angles such as for the wide angle MSS, considerably more stray light
can reach the detectors than for a narrow angle system. This phenomenon will
receive closer attention in the final report.
TABLE 10-8
ERTS DATA FOR BRIGHTNESS CALCULATIONS
EOS BAND LATH Ho (mw/cm 2 ) T Hqky (mw/cm2
1 0.274 19.72 0.810 1.25
2 0.118 16.73 0.865 .787
3 0.082 12.98 0.909 .573
4 0.1062 25.01 0.913 .126
Table 10-8 contains the basic data derived from the ERTS measurements. The
target of interest was a pond in a low lying area near Ann Arbor. These data
were used to derive reflectivities for the target area in each band. Table
10-9 gives the radiance levels measured andthe derived values of spectral
reflectivity.
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TABLE 10-9
ERTS MEASUREMENTS OF TARGET RADIANCE
EOS BAND TARGET REFLECTIVITY(%) MEASURED RADIANCE
(mw/cm2 - ster)
1 9.3 0.476
2 5.5 0.242
3 2.8 0.141
4 0.9 0.234
For clear sky conditions, Hsky varies very slowly with 6 for solar
elevations above 400 and we will assume it to be constant with & for our
calculations. Actual values for Hsky for low sun angles should be somewhat
less so that our estimates of minimum target radiances are likely to be a bit
on the high side, but not by very much. We will also assume that the Lpath
values at t = 490 are the same as for = 00. Some justification for this
assumption is given by Duntley (Reference 3) who has measured broadband values
for path radiances from aircraft. Measurements were taken for 3 sun angles,
200, 42.50 and 650 and are presented in Table 10-10.
TABLE 10-10
PATH RADIANCE VERSUS SOLAR ANGLE
Solar Zenith Angle Green Sensor (ft-L) Red Sensor (ft-L)
200 308 0.0378
42.50 318 0.0354
650 184 0.0226
Using equation (1) we now derive maximum radiance levels corresponding
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to = 0O and = 100%, and the measured values of 
atmospheric transmittance
TC from Table 10-8. For comaprison in Table 10-11 we present 
estimates of
maximum useable radiance levels expected, corresponding to 
a sun angle of 00
and ground level reflectivities of 100% and 75%.
TABLE 10-11
THERETICAL MAXIMUM RADIANCE LEVELS FOR EOS
BAND L (mw/cm2 - ster) L (mw/cm
2  
-ster)
1 4.71 3.60
2 4.32 3.27
3 3.66 2.77
4 6.78 5.11
If we restrict the problem to that of finding the probable 
maximum
radiance levels we must examine the range of likely targets and lighting
conditions. A reasonable guess would be snow cover in Colorado in late spring.
This combines a maximum reflectivity of 95% for snow with a moderately high
sun angle.
From Fig 10-4 we see that for a 0930 orbit around mid-May we may expect
a 600 sun elevation and from our simplified model we obtain the corresponding
radiance levels as shown in Table 10-12.
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TABLE 10-12
PROBABLE MAX RADIANCE LEVELS
EOC BAND 0930 ORBIT 12 NOON ORBIT
& = 300 & = 200
1 3.86 4.21
2 3.53 3.85
3 3.01 3.27
4 5.52 6.03
For a 12 noon orbit the sun angle would be more like 700 in elevation and we
obtain the correspondingly higher maximnum levels shown in Table 10-12. ERTS
measurements on Experiment No. 589, performed by Grunian personnel, indicate
that these estimates are not unreasonatle.
Estimates of minimum useable radiance levels are a function of what one
assumes for minimal useable lighting conditions. Sun angle elevations as low
as 50 or 100 above the horizon are representative of northern Alaskan latitudes
seen by EOS in mid winter. However, most of the ground area will likely be
snow covered and hence have high reflectivity. If we take the case of water
with a reflectivity of 4% as seen wit! a solar zenith angle of 700 as more
representative of minimal lighting conditions over conus we obtain minimum
radiances as shown in Table 10-13. Here we have used Duntley's estimate of
about a 1/3 reduction in path radiance at 650 compared to 200 solar zenith
angle. For comparison we present estimates of radiance levels in Alaska for
& = 850 with a ground reflectivity of 10% in all bands. In any event it appears
that the NASA specifications for minimum radiance levels are higher than the
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calculated values; i.e., for some cases viewing will be instrument limited.
TABLE 10-13
PROBABLE MINIMUM RADIANCE LEVELS Ste,-sf
EOS BAND CONUS ALASKA NASA SPEC.
& = 700 C =850
1 .234 .220 .22
2 .129 .108 .19
3 .100 .082 16
4 .149 .097 .30
i0.4.6 COMPUTERIZED ATMOSPHERIC MODEL
Realizing that our first approach makes some rather broad assumptions
regarding atmospheric transmissivity, path radiance, sky brightness, etc, we
have attemped to Employ a computerized atmospheric model which takes into
account more realistic atmospheric profiles and calculates atmospheric scatter-
ing and absorption with considerably more accuracy. As a first attempt at
using this model we have employed only one standard atmospheric model and
have not attempted to vary atmospheric and aerosol profiles. The range of
problems was restricted for this first attempt, and a wider approach will be
employed and presented for the final report. Effects of variations in atmo-
spheric, aerosol, and local conditions (such as air polution, etc.) and
visibility will be looked into. For simplicity the AFCRL Standard Atmosphere
(Ref. 1) was assumed as typical, however this was later found to be quite opti-
mistic since ground visibilities are often less than that assumed for the model.
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10.4.6.1 Dave-Braslau Atmospheric Scattering Program - In order to determine the
effect of aerosols on the solar energy absorbed, reflected and transmitted by
a cloudless, homogeneous atmosphere, a mathematical model good to 0.5% accuracy
was employed (Ref. 5). This model permits variations to be made in the aerosol
concentration (spherical particles with size distribution and refractive index
independent of height) and in the ozone and water vapor in 160 layers of varying:
thickness from the earth's surface to 45 km altitude. While 45 km is consider-
able less than the EOS altitude, the results obtained from the model serve as
a good initial approximation. Upward and downward light fluxes are computed in
the wavelength range from 0.285 to 2.5/A taking into account all orders of
scattering. The wavelength dependence of the optical complex index of refractior
is taken into account in the calculations.
The calculations also take into account the solar
zenith angle and a range of Lambert ground reflectivities. From these calcula-
tions, contrast degradation may be deduced for various targets. The basic
computer program for these calculations was developed by Dave and Braslau of
IBM. We have adapted the program to our needs, and have developed laboratory
techniques to determine the optical complex indices of refraction necessary
for the program.
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TABLE 10-14
Contrast Reduction Effects
(deduced fram Dave-Braslau atmospheric scattering model)
Light Wavelength = 0.550 um
Sun Zenith Angle = 40 degrees
Altitude = 75 km
AFCRL midlatitude stmmer atmosphere
HRPI Contrast Ground Contrast
Target Nadir +460 -46_
Black vs. 17.70 13.85 9.64 00
White
Average 8.07 6.89 5.35 19.oo0
Shore Line
vs. Water
Farm Land .625 .567 .4(4 1
vs. Potato
Crop
or
Sugar Maple
vs. Red Pine
Trees
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TABLE 10-15
:Contrast Transmittances for above Targets
.Nadir, +460 .- 46
Average
Shore Line .425 .363 .282
vs. Water
Farm Lnand v
vs. Potato .625 .567 .474
Crop
or
Sugar Maple
vs. Red Pine
Trees
We use the standard definition of contrast level as seen at a distance R
of target versus background as,
.C = BT(R) - BB(R)
BB(R)
where
B = brightness in watts/cm2-steradian
Subscripts T, B = target and background respectively.
Contrast transmittance is defined for a specific set of viewing
conditions (look angle, distances from target, etc.) and is the ratio of
the apparent contrast seen by the instrument to the contrast at ground level.
PREPARED BY " GROUP N.'IBER& NAME DATE CHANGE
LETTER
REVISION DATE
APPROVED BY PAGE 10-57
*GAC 3711
3-72
GRUMMAN
P TRADE STUDY REPORT
TITLE TRADESTUDY REPORT
USER/SCIENCE AND ORBIT TIME OF DAY STUDIES No.
APPENDIX E SECTION 10 WBS NUMBER
TABLE 10-16
Contrast Transmittance for 100 /4~4 and 20%/10fo Reflectance
Approx. Approx.
Absorbed Scattered* Contrast
Band Wavelength(A) Radiation(%) Radiation($) O100/I 20/l10~
1 .5-.6 20 5 8.5 1.5
2 .6-.7 10 3 11.8 .77
3 .7-.8 2 1 19 .65
4 .8-1.1 5 1 18 .60
5 1.55-1.75 2 0 24 .96
6 2.1-2.35 2 0 24 .96
7 10.4-12.6 30 0 17 2.0
*i.e., scattered out of the line of sight.
The contrast in the table above is seen to improve with increased
wavelength for a 100% reflecting shore against a 4% reflecting body of water.
The reason for this is that the atmospheric scattering decreases approximately
inversely with the fourth power of the wavelength. Since the program only
calculates up to 2.5 , contrast transmittances for band 7 were calculated
by hand, assuming an atmospheric transmittance of 80 % and zero path radiance.
Atmospheric emission was also assumed to be negligible, The high absorption
in band 7 is the result of water vapor in the atmosphere. To a first approx-
imation, the effect of the atmosphere is to degrade the temperature resolution
of band 7 to about 3/4 degree at 300K but this result is only approximate and
will be refined for the final report.
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10.4.7 Radiometric Corrections Over the Field of View
In our simplified first approach to atmospheric corrections we have
used some rather broad approximations to get an idea of what the numbers are
like without getting involved in more extensive computerized modeling. One
such approximation has been the assumption of a narrow swath width. In partic-
ular the question of variation of atmospheric and solar lighting conditions
across the field of view was not addressed.
In order to take full account of large swath widths corrections must
be made for
1. variations in atmospheric thickness across the field of view
including allowances for variations in haze, water droplets, and
dust distributions
2. variations in sun angle
3. variations in average ground reflectivity. This effects the
overall level of diffuse illumination from sky background.
4. radiometric corrections for variations of target reflectance with
viewing angle (the status of these corrections is more tenuous).
There is some indication that these corrections were minimal for the ERTS-1
MSS (Ref. 4) where the total scan angle was only 110. However, for offset
pointing, for wider scan angles, and for greater spatial resolution these
corrections will have to be looked at more closely. More precise computerized
modeling is available and will be employed in the latter part of the study
to examine the extent of these corrections. Results will be included in the
final report.
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10.4.8 Aurora and Airglow
Aurora and airglow offer no problems to visual or infrared observations
ove Alaska or CONUS. Although there are airglow emissions over these regions
they are at least three orders of magnitude below the brightness of the aurora
in the Northern Hemosphere. The airglow can be caused by atomic oxygen, the
ion OH , sodium )or atomic nitrogen. In contrast to airglow, auroral emis-
sions are ordinaraily observed only from the middle and high latitudes. How-
ever the brightness is at least three orders of magnitude below the brightness
of a clear blue Rayleigh scattering sky, and even less bright compared to
clouds.
10.4.9 References:
1. Valley,S.L., Ed., (1965), Handbook of Geophysics and Space
Environments, AFCRL.
2. Rogers, R.H. & Peacock K., "A Technique for correcting ERTS Data
for Solar & Terrestrial Effects", Symposium on Significant Results
Obtained From ERTS-1, GSFC, New Carrollton, Md., March 1973
NASA SP-327, pp 1115-22.
3. Duntley, S.Q., "Interaction of Optical Energy with the Atmosphere"
AIAA paper No. 70-288, AIAA Earth Resources Observations & Informa-
tion Systems Meeting, Annapolis, Md. Mar 2-4, 1970.
4. Sharma, R.D., "Enhancement of Earth Resources Technology Satellite
& Aircraft Imagery Using Atmospheric Corrections", VII International
Symposium On Remote Sensing of the Environment, Ann Arbor, Mich,1971.
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11. UTILIZATION OF CONTROL CENTER PERSONNEL (UCCP) was NUMBER
1.2.1.3.4
11.1 Introduction
During the course of this study the emphasis in the mission operations
areas has been on identifying areas of cost and cost tradeoffs. The overall
requirements for EOS operations are derived from the basic nature of the
mission and these are presented in Figurelll Payload data processing and data
product generation are handled in a facility separate from the Mission Operations
Control Center. There are three sections following which describe the Mission
Operations Effort:
Section11.2 - This section describes the baseline functional operation
of the MOCC, and its interfaces with external areas,
with particular emphasis on the interface with the Central
Processing Facility and the Information Management System.
Figure 11-2 represents the MOCC functional operation as re-
flected in the text of Section 11.2
Section 11i - This section defines the baseline hardware design for the
MOCC. Figure 11-3 is a top level schematic for the MOCC.
A detailed hardware list has been prepared and costed.
Our baseline hardware approach is centered around a modular
grouped mini approach, using standardized display and control
features.
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Section 11.4 - This section shows the manpower requirements for
implementing the MOCC concept. These requirements
are given in two areas:
(a) The pre-launch phase during which the MOCC is designed
and developed, the software is developed, and detailed
mission planning is performed.
(b) The on-going operational phase which starts at launch
and continues for the life of the spacecraft.
PREPARED BY GROUP NUMBER & NAME DATE CHANGE
LETTER
REVISION DATE
APPROVED BY PAGE 11-3
*GAC 3711
GRUMMAN
P TRADE STUDY REPORT
TITLE TRADE STUDY REPORT
NO.
11
UCCP WBSNUMBER
1.2.1.3.4
11.2 MOCC Functional Diagram
The functional diagram (Figure 11-2) for the EOS MOCC is structured around the
operational flow of the EOS mission. The diagram is oriented as follows:
o The EOS S/C is the upper left
o The Central Processing Facility- Information Management System is on the
right hand side
o NASA-GSFC supporting activities (orbit determination, SCPS support, and
MISCON) are the bottom
o The large rectangular section in the middle area of the diagram represents
MOCC computing capability. This software may be centralized in a midi
computer or decentralized in a grouped mini configuration. Hardware con-
siderations will be discussed in Section 11.3
In terms of data being taken at the STDN sites, only housekeeping data comes
into the MOCC. Payload data will be sent directly to the CPF-IMS, and EOS
tracking data goes directly to the NASA-GSFC orbit determination facility.
The mission operations effort is divided into three phases:
o Planning
o Execution
o Analysis
These operational phases are discussed in the following paragraphs.
Mission Planning
A large part of the mission planning activity is centered around the MOCC-IMS
buffer, which is a disk file giving common access to both the MOCC and the
CPF-IMS. (certain portions of the file will be guarded in terms of write capa-
bility, and since this file is of critical importance in carrying out operations
in both the CPF-IMS and the MOCC it will be heavily protected)
The mission planning operation actually starts over in the IMS area where EOS
users initiate their data requests.
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There are two types of requests:
o Standing orders - requests for repetitive viewing of certain areas.
o Special orders - requests for "single shot" viewing of selected areas.
Both of these requests are fed into the MOCC-TMS buffer for action during the
planning phase. Since the readout process is non-destructive, standing orders
only have to be entered once.
During the course of mission planning and execution the status of the response to
these data requests will be fed into the MOCC-IMS buffer to handle user queries via
the IMS.
The cloud cover data in the MOCC-IMS buffer is used for both planning and analysis
purposes. The source of this data is yet to be determined, but there are several
possibilities at present:
o Standard NOAA weather forecasts
o Nimbus spacecraft data
o SMS data
The current EOS orbital elements are placed in the MOCC-IMS buffer for the purpose
of planning activities within the IMS. The EOS ephemeris file is a catalog
of the most accurate :positions available for the EOS versus time. This data
is used in the processing of payload data, and it will be supplied via standard
channels from the NASA/GSFC orbit determination group. It is important to realize
that orbit prediction is of critical importance to the EOS, and it is for this
reason that it is being done outside of the CPF area at the standard GSFC facility.
The spacing of the ephemeris points must be close enough to allow the CPF to make
accurate interpolation between these ephemeris points via very simple orbit
propagation techniques. Table 11-1' shows a comparison between a rapid, pure
Keplerian orbit propagation and a more time consuming but sophisticated propa-
gation technique,
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Table 11-1
RSS DIFFERENCE BETWEEN PURE KEPLERIAN AND
PRECISION* TECHNIQUE FOR ORBIT PROPAGATION
Time in Position RSS Velocity RSS
Seconds Delta in feet Delta in ft/sec
3 .Cof 3(. 63P 9.42
5.000 fiR.q. 0f36f..rcf. 177. 50i 
.0R375.ro, an 4. 3, R f.0 IqG. fCI. 2 7 .4R, o. lil
1C5.;i.37.R7 1
120. rdC I 4Pn.352 
,i35. CCC i j il. 1.4 n.nmC.
15E.G-C 7r).  -060
5.C c. 23., ? ' 1 7.1
I nc a( n 98.0 . 7 1 . QC
540. 159,C.7r'  745. 73
5 R5. . 11 I'.2 ?r., '. ,7446
O *The precision technique for orbit propagation
is aCowell type Runge-Kutta numerical integrationincorporating the effects of zonal harmonics
J2,J3, and J4. No air drag, no sun or moon effects,
no radiation pressure.
Semi-major axis = 3810. n.m.
Eccentricity L 0.0
Inclination = 98.0 degrees
R.A. of asc. node = 0.0 degrees
Argument of perigee = 0.0 degrees
Mean anomaly = 90.0 degrees
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The discussion of mission planning now shifts to the Mission Planning Console.
This is the station where the overall coordination of the planning activity
takes place. The operations at this console are described as follows:
(a) There is an interface with NASA/GSFC MISCON for the process of deter-
mining the ground contact profile for the EOS. The net result of this
activity is a contact schedule resident on the MOCC disk. This schedule
is updated once per week.
(b) There are two Support Computer Program Systems (SCPS)
o Within the MOCC using MOCC computers
o External to the MOCC using standard NASA/GSFC SCPS support
As much SCPS activity as possible will be done within the MOCC, but
where duplication of extensive already existing capabilities would
result the already existing facility will be used.
(c) Housekeeping functions for the EOS spacecraft will be entered via the
Mission Planning Console.
(d) The contact messages for each ground contact are prepared by merging
the various discrete planning results. There contact messages are then
placed on the Mission Operations disk.
The last step in the planning process consists of a careful review of each
contact message by the appropriate MOCC personnel. This review process is
accompanied by an editing capability via the Project Operations Controllers
(POC) and the ground controller. This editing capability is particularly signi-
ficant, since it will permit last minute changes in the contact message without
requiring a complete SCPS recycle.
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Mission Execution
The execution phase of mission operations is built around the real time contacts
with the EOS, including prepass and postpass configuration and checkout activities.
These real time operations are centered around two areas:
(a) The Project Operations Controller (POC) console. The POC is the indivi-
dual charged with complete responsibility for the safe and effective opera-
tion of the EOS during each pass. During the pass he has the responsi-
bility and authority to make all decisions related to this effort. This
console is the focal point of the real time operation, and the design
emphasis on the console is an effective and complete data and operational
display.
(b) The Ground Controller (GC) console. The GC is the individual who operates
the MOCC during the real time contact. He has the responsible to imple-
ment the contact message, and to respond to all POC direction for action,
consistent with the current capabilities of the MOCC.
The POC is also assisted by a group of subsystem specialists who monitor S/C
performance during each pass.
At the start of the real time operations the ground controller will, at the POC's
direction, cause execution of the appropriate contact message. (a severe S/C
problem might cause the POC to abort the message) In the meantime, the POC and his
support people monitor the health of the spacecraft.
In terms of data flow, the raw incoming telemetry is fed through the PCM equip-
ment, and then the serial data stream is stored in the computer memory; the
peripheral control drives the console displays, printers, and strip chart recorders.
The console displays are centered around interactive CRT's, with a snapshot printer,
event printer, and strip chart recorder as backup. Via the interactive CRT
each analyst can call up the data most pertinent to the current situation. It
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will also be possible to easily design a new CRT page and input this new page
(via the GC) onto the MOCC system disk. This feature is of special importance 
when
handling a spacecraft problem.
A data compression processor is shown in the MOCC software repetoire. The
purpose of this compression is simply to reduce the number of magnetic tapes
which must be archived with S/C housekeeping data. In addition to compressing
the data it is also planned to store data from a number of contacts on the data
and history tape. This approach is being taken for the following reason:
o Past experience on numerous programs has shown that the vast majority of
housekeeping data is never used once the real time pass is completed.
o Tape usage and storage is an expense that can be easily reduced.
The history portion of the tape is simply a copy of the information contained on
the events printer, which contains a record of every significant event during the
pass.
Data Analysis
Based on our OAO operations experience, the study and analysis activities conduc-
ted during the back orbit periods were structured into three distinct areas:
(a) Analysis of spacecraft anomalies (closeout of formal anomaly reports)
(b) Characterization and quantitization of spacecraft performance (like
pointing accuracy studies)
(c) Preparation of improved operating procedures
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The first two areas require playback and analysis of spacecraft data. Our
approach for analysis software is to place the emphasis on general data handling
capabilities such as stripping our selected parameters, data tabulation, plotting
routines for both strip charts and X-Y plotters, and the provision of entry
points for analyst supplied computational routines. We feel strongly that this
approach will yield more effective utilization of software dollars than develop-
ing a large series of very specific routines
There is one obvious exception to this approach. Where mission planning demands
a prior analysis of spacecraft data these analyses will be performed by special
computer programs. A good example is the attitude determination required prior
to orbit adjustment.
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1--3 MOCC Hardwar e
U113.1 Grouped mini-computer concept
The grouped mini-computer concept utilizes many small relatively inexpensive
mini-computers to share the overall processing requirement for the MOCC as
opposed to one large central computer burdened with the task of all processing.
Reference Figures' 11-3,11-4, and 11-5.
The physical location of the mini-computers is in each console and is dedicated
to a specific MOCC functicn. In addition there is also a mini computer dedicated to
control of peripherals in a common peripheral pool.
Because of the individual modular console approach used in the MOCC there is no
direct data communications between individual consoles (mini-computers). The media
by which the mini-conputers communicate is the central shared memory. This
shared memory provides all mini-comuters in the OCC a common area for both
data retrieval and communication.
All the mini-computers used in the MOCC are identical. This commonality is cost
effective in terms of procurement and maintainability, and operation.
Central Shared Memory Concept
The central focal point in the grouped mini-computer configuration is the shared
memory system. The major components in the shared memory system are:
o Memory unit
o Shared memory bus controller (SMBC)
o Shared memory BUS
o Shared memory bus interface (SMBI)
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The memory unit itself is a standard memory block expandable in block increments.
The shared memory bus controller is the interface between the memory blocks and
the shared memory bus. It provides the control to access the memory block(s) as
well as provide a priority control scheme to honor memory requests on a priority
basis. Parity checking of both address and data is also provided by the controller.
The shared memory bus is the interconnecting point for all users of the shared
memory.
The shared memory bus interface (SMBI) is the interface between the shared memory
bus and the mini-computer. One SMBI is required for every mini-computer connected
to the shared memory bus. It is connected to the computers direct memory access
channel (DMA) so as to provide the fastest possible means to transfer data to and
from the shared memory. As a result the shared memory bus is readily available
and eliminates a back log of memory requests from other users.
Internal to the SMBI is a programmable read-only-memory (PROM) which can limit the
access capability (write mode only) to various, programmable areas of the shared
memory. Each mini-computer tied to the shared memory is programmed (via the PROM)
to only write in certain designated blocks of the shared memory while still retaining
the capability to read any portion of the shared memory. This prevents unauthorized
or accidental changes to dedicated portions of memory.
OCC Data Flow (Figure 11-4)
The downlink housekeeping data enters the OCC from either of two sources. The
first source is via the NTTF as GSFC which enters and S-Band antenna into a diplexer,
then S-Band receiver and demodulator. AT this point the raw PCM data is recorded
on analog tape recorders for future study and backup. The demodulated PCM then
enters a bit synchronizer followed by frame synchronization. The data then enters
an interface unit to interface with the front end processor (FEP).
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The second source of down link data is via a remote site input in which case it
enters the OCC via a modem and into the FEP interface. All data entering or
leaving the OCC passes through the DOS console where it is monitored for quality,
etc. and if necessary repatched or rerouted as required. This data then enters
the front end processor located in the DOS console via a switched I/O bus. This
switched I/O bus is necessary because the FEP has a 100% backup capability with an
identical mini-computer, which ensures that a failure of the on-line FEP will not
cause a loss of contact with the spacecraft. Switchover may be either automatic
under program control or manual.
The PCM data now in the FEP is processed by the FEP and then sent to the shared
memory via the shared memory bus for use by the command and display consoles. The
processing by the FEP will result in an output of a compressed data/history tape
(digital). These tape units are also connected to the switched I/O bus to provide
availability to either FEP.
Once the data is in the shared memory it is available to any or all of the consoles.
The individual consoles take only that data they wish to further process and/or
display on their CRT as determined by their individual software programs. All
consoles have available to them a peripheral pool consisting of the following:
* Digital magnetic tapes
* Card reader
* Snapshot printer
* Events printer
* Strip chart recorders
* Plotter
All the peripherals are controlled by a peripheral controller identical to the
other mini-computers in the system. The peripheral controller will also have
the responsibility of driving the strip chart recorders with selected PCM
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data items and honor requests for snapshot prints and plots.
The Ground Controllers Console and Mission Planning Console will each have a dedicated
disc storage unit and backup. This is necessary due to the frequency of data access
and quantity of data to be stored. Because these discs are dedicated to a console,.
they are placed on a switched I/O bus so in the event of a failure of its console,
the other consoles may have access to the information on the disc and at lease assume
the functions of the failed console in some satisfactory but degraded mode of opera-
tion. Although the real time interface between the mission planning console and the
EOS CPF-IMS and GSFC facilities is not on the switched I/O bus, loss of real time
contact with these facilities will not greatly hinder operation of the current
spacecraft contact.
The uplink data flow originates in the form of commands, either stored on disc
or realtime from the ground controller's console. All commands must first be
approved by the Project Operation Controller prior to being sent to the spacecraft
via the FEP. This safety factor is accomplished by allowing only the computer
in the Ground Controllers Console to have write access to a certain area of
shared memory into which the command messages are placed for transmission. This
write access limitation is performed by the PROM in the SMBI of the Ground Controllers
Console.
The commands are then sent to the front end interface unit. The path of the command
data is now either to the command modulator, command transmitter, diplexer, S-Band
antenna, in the case of a contact over GSFC or to a modem to the remote site via
the NASCOM switching center.
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OCC Console Description
Each console in the OCC with the exception of the DOS console is a modular design
with as much -commonality as is feasible. Each console contains the following:
* Mini-computer with local memory and I/O
* Shared memory bus interface
" Interactive alpha numeric CRT and keyboard
* CRT hard copy printer
* Digital cassette system
* Intercom unit
* Command control and displays
The mini-computer with its local memory and I/O is the heart of every console.
It performs the processing required unique to theconsole and interfaces with every
other console via the shared memory. The computer also configures the command control
and display panel(s). Switches and indicators are not dedicated to a
specific function but take on any function determined by the software program.
This flexibility allows each console to function as any other console similarly
configured by simply loading in the correct software program(s).
The shared memory bus interface allows each console to communicate with any other
console via the shared memory. It contains the logic needed to specify what indi-
vidual blocks' of memory a computer is permitted to write into. This hardware
protection affords the entire syste security in knowing any one computer cannot
clobber the system in the event of a processor malfunction.
The digital cassette system provides a means of bootstrapping a program into the
computer. They will be needed for each cold start of a console and, additionally, may
be used by the maintenance personnel to enter diagnostic/operational readiness pro-
grams into the computer when servicing the console, either on line or off line. It
may also be used to obtain selected data items at intervals for use in trend analysis.
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The interactive alpha numeric CRT display and keyboard is the major man-machine
interface media. It allows display, in page form, 6f any data required by the
function of its console. It also allows for manual entry of data or commands into
the system, via the keyboard. The flexibility of using. this unit via software.
provides almost unlimited control over the function of a console in relation to
the overall system.
The CRT hard copy printer provides the operator a means of obtaining a hard copy of
the data currently being displayed on the CRT.
The intercom unit in each console provides each operator a means of voice communica-
tion with any other operator or OCC personnel.
The command control and display panel will contain the following components:
* Event lite displays
* Digital readout analog displays
* CRT page selector switch
e Command switches
The panel will be completely computer controlled and therefore, no switch or display,
with the exception of the CRT page selector, will be dedicated a specific function.
The function of each display and switch will be defined by the software program
of the individual console. In order to provide a visual indication of the function
of each display and switch an overlay will be fitted to each command control and
display panel. This overlay panel in conjunction with the software program will
define the display and command capabilities of the individual console. Some of
the possible uses of the components of the command control and display panel are:
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Event displays - Display of critical downlink event data from the 
spacecraft
a means of alerting the operator to perform some task,
etc.
Analog display - Display of critical downlink analog data from the 
spacecraft
CRT page select- Select a particular page of data to be displayed 
on the
CRT.
Command Switches- Defined use virtually unlimited. Selection of snapshot
programs. Selection of catalogued command sequences to
be sent to the spacecraft. Selection of specific software
routines to be run.
The computer controlled command control and display panel is designed to be
extremely flexible with regard to configuration and function.
The Data Operations Supervisors console (DOS) is the central monitor and distribution
point for the OCC's data lines. The console is different with respect 
to all other OCC
consoles, due to its unique function. The console contains the analog and digital
amplifiers required for signal conditioning, oscilloscopes, and frequency 
meter
etc., required for signal monitoring. The console also contains patchboards 
for
signal routing. In addition, both front end processors (on-line and backup)
are housed in the DOS console
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The central midi-computer concept utilizes two medium scale computers
(CPU ,A& B) with a common memory operating in a multi-processing environment.
Each processor has two dedicated disc units and two magnetic tape units. The
individual consoles are preliminary driven by CPU-A whereas the external inter-
faces and peripheral pool units are primarily driven by CPU-B.
This multi-processor configuration has a backup capability in the event
of failure of one of the CPU's. Although some less essential processing may have
to be eliminated in the.backup mode, control and monitoring of the spacecraft is
still maintained.
The backup capabilities of the CPU's must further be extended to the rest
of the system. If the system is put into an emergency mode of operation, the
units primarily driven hy the failed computer must have the capability to be
switched to the operable computer.
The content of the peripheral pool is the same as the grouped mini-configura-
tion except for the teletype. Each unit in the peripheral pool is capable of
being switched to either computer.
The external configuration of the consoles is also the same as the grouped
mini-configurations, however, the internal configuration differs. The elimination
of the computer internal to each console, requires additional logic to be incorporated
into the consoles for purpose of interfacing the alpha-numeric CRT and command controj
and display panelwith the central processor.
Data flow through the front end equipment is the same as the mini-configura-
tion. Only processing and display of the data differs.
Summary:
The mini-computer configuration is the most flexible and tolerant to changes
and growth. Although both systems incorporate backup capability the mini configura-
tion is inherently redundant. If one console goes down, a less essential console
can be re-programmed quickly to take over the faulty consoles function. The mini
approach will more easily support on-line diagnostics because it does not require
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a central computer interface. Both systems have console modularity which is cost
effective in the following areas-
o Procurement in quantity
o Reduced spares inventory
o Reduced engineering drawing effort
.o Reduced manufacturing costs
o Console diagnostics the same
The mini-computer configuration will result in reduced maintenance costs.
This will also lower training costs and enable faster diagnosis thus reducing
downtime.
The central midi-computer configuration will require less software effort
than the mini-computer configuration. Although the same MOCC processing requirements
exist in either configuration additional software must be developed for inter-
computer communications in the mini-computer configuration.
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11.4 MOCC MANPOWER
The manpower requirements for the MOCC effort are broken down into two
prime areas.
(1) Pre-launch MOCC development phase (Figure 11-6 )
(2) On-going operations following launch. These are discussed in the
following paragraphs. (Figurefll-7)
Pre-Launch Phase
Starting with contrast go-ahead for the EOS spacecraft there must be a
parallel effort for the MOCC area. This pre-launch phase for the MOCC area
is concerned simply with getting ready to fly the EOS, and the effort is broken
down into four distinct areas as follows:
(1) MOCC Design and Development - this activity is concerned with
defining the MOCC hardware configuration, negotiating hardware
interfaces, performing detail design, and actual development
and proof testing of the MOCC. MOCC hardware documentation
is included.
(2) SOFTWARE DESIGN AND DEVELOPMENT - this activity is concerned with
defining and developing all of the software which will run
within the MOCC, including documentation, test plans, and
proof testing. A mission sinmlation effort is also included,
although part of this, if not all, will run external to the
MOCC.
(3) -MISSION PLANNING - this activity is concerned with defining the
exact procedures and facilities (within the bounds of 1
and 2 above) to be used in the performance of the EOS mission.
The major activities are:
o Mission Plan Development - launch survival initial
and on-going operations
o Command and Telemetry Management 
- receiving and
steering the EOS command and telemetry
complement to assure that the required
operational commands and information is
available.
o MOCC Display Design - CRT's, printouts, strip charts,
status lights, meters, etc.
o Command Pool Definition
o Status Data Limit definition
o SCPS specifications
o Formulation of mission constraints and rules
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(4) MISSION PREPARATION - this activity is concerned with ensuring that
the three areas described above are coordinated into a smoothly
functioning system by the time of launch. A simulations effort
is control to this effort; desLgn reference manuals similar
to those prepared on OAO are also included.
The manpower spread for this pre-launch phase is given in table. 2.
ON-GOING OPERATIONS
The MOCC organization for the on-going flight operations is broken down into
three areas:
(1) MISSION OPERATIONS - this group is concerned with the real time
support of the EOS, and with the detailed operational analyses
and planning following launch.
(2) GROUND STATION - this group is concerned with the operation and
maintenance of the MOCC hardware
(3) MISSION SUPPORT - this group is concerned primarily with the effective
planning of the EOS operations. Interfacing with the CPF-IMS
is of centeral importance in this area. This area also inter-
faces with NASA/GSFC MISCON, orbit determination, and SCPS group.
The manpower organization is given in figure 4. Fifty six people are required
to support one EOS on a four shift 24 hour per day basis. An additional 17 people
are required to support an additional spacecraft in the same control center.
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15. Follow-on Mission Economic Study
Purpose:
The purpose of this study is to determine the economic benefits in uti-
lizing multi-mission spacecraft to capture varying numbers of earth observa-
tion missions, and to evaluate the cost impact of extending the GAC baseline
design to capture the EOS missions B through E plus SEASAT A, SEOS, and SMM.
Conclusions:
o Conducting all missions with single-mission spacecraft is the
most expensive approach.
o Program cost savings increase with increased mission capture
capability of multiple-mission spacecraft.
o Greatest program cost savings compared to single-mission space-
craft approach were achieved through addition of performance
capability to the Grumman basic spacecraft to capture EOS
missions B through E plus SEASAT A, SMM, SEOS.
Table 15-1 presents the projected percentages of net cost savings for
all missions considered. The upper three groups represent increasing mission-
capture capability, with the top group representing single-mission spacecraft
used as cost reference in computing the percentages shown. The fourth group
represents the approach involving extensions of the GAC baseline spacecraft
to capture each mission, with percentages referenced to the single-mission
spacecraft approach. The columns indicate cost categories.
Table 15-2 presents cost savings for individual missions.
Both tables are basically cost comparisons of multiple-mission space-
craft (subsystem modular designs) against the corresponding single-mission
spacecraft (subsystem modular design) for the same missions.
In the multiple-mission spacecraft case the subsystem modules are designed
to meet the most stringent performance requirements in the mission set. Thus
there are instances when the subsystems will operate below their design perform-
ance level. In the single-mission spacecraft case no such instances occur
because the subsystem modules are matched to the particular mission requirements.
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Extensions of the GAC baseline design were also evaluated against the
corresponding single-mission spacecraft. The GAC baseline extension
approach was not to build in subsystem performance to meet the most strin-
gent mission in a set, but to capture additional missions by adding mission-
peculiar subsystem performance capability as required. Both tables indi-
cate that the GAC baseline extension approach compares favorably with the
multiple-mission modularity approach. In table 15-1 the
GAC baseline approach yields a 31% saving in DDT&E, a 22% saving in DDT&E and
production, and 17% saving in DDT&E, production and operations, based on
the projected costs of all mission considered. A 19% saving in DDT&E, pro-
duction and operations was computed, when the projected cash flows were
discounted at 6%. The slight difference between the undiscounted (17%) and
discounted (19%) savings were caused by the effect of time on the cash flows.
Table 15-2 indicates an initial net total program
cost increase for EOS missions A and B, for the multiple-mission modular
design approach. These additional costs, however, are recouped when addi-
tional missions are flown. The GAC baseline extension approach indicates
a net saving for all missions considered.
Table 15-3 indicates the modification, and their cost
percentage increments to the GAC baseline Spacecraft platform in extending
the baseline capability in capturingadditional missions. The difference
between these percentages and those in Table 15-2 are that here the
instrument costs are excluded, while in Table .15-2 they were included.
Discussion:
General Description of Study Approach:
The study is essentially a cost comparison of the following ways of
accomplishing EOS Missions A through E and also SEOS, SMM and SEASAT A.
o All flights by single-mission spacecraft, each tailored to the re-
quirements of its mission.
o Various spacecraft mixes comprising a multi-mission spacecraft cap-
turing Mission A plus one or more of the other missions and single-
mission spacecraft covering the remainder of the missions. In each
case the multi-mission spacecraft would have subsystems meeting the
most stringent mission in its set.
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e Extension of the GAC baseline spacecraft by adding mission-
peculiar capabilities as needed for each mission.
The economic impact of the multi-mission spacecraft and GAC
basic extension concept manifested itself in initial costs and future
savings in three major cost categories DDT&E, Production and Operations.
NASA in-house management costs were excluded, as well as the DMS costs and
certain Facilities costs. It was assumed that these costs were insensi-
tive to the type of spacecraft designs studied. Cost estimates were de-
veloped for launch vehicle and launch operations, mission-peculiar instrum-
ents, flight operations and services, and spacecraft GSE, logistic support
and facilities.
The cost estimating methodology employed was generally parametric,
although some key items were estimated by a detailed engineering accounting.
The parametric approach to spacecraft cost estimation was consistent with
the depth of design within the scope of this study.
The following assumptions were basic to the study:
* Missions will be flown with subsystem-modular spacecraft of either
single-mission or multi-mission type.
* All spacecraft are retrievable by the Shuttle.
* Shuttle available from WTR in 1983.
* All spacecraft are flight serviceable.
* Operations costs start with the first launch.
* Design-life of spacecraft is 2 years except D (5 years).
* Resupply flights are madeevery two years after the Shuttle becomes
available.
* Spares are obtained from the prototype qual model.
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Subdivision of Study into Tasks
The study was divided into the following three functional tasks to
facilitate delegation of the work:
Task 1 - Determination of cost - related spacecraft subsystem
characteristics and launch vehicle requirements.
Task 2 - Cost estimation and summarization.
Task 3 - Economic analysis.
A breakdown of these tasks is given in the study flow diagram (Figure 15-1).
Referring to Figure 15-1, a description of each task is as follows.
Task 1
The initial drive in this task was to establish mission requirements
which define the spacecraft subsystems, (item 1.1), and to select the various
mixes of single-mission and multiple-mission spacecraft to be studied
(item 1.2). Both of these items then input to the subsystem design activity
(item 1.3). Subsystems involved in the portion of the study were ACS,
EPS, C/DH, Orbit Adjust and Structure.
Subsystem properties (weight, volume) derived from the subsystem design
activity were applied to a configuration analysis (1.4) to a determination
of the structural weight of the spacecraft (1.5) and to the specification of
the launch vehicle (1.6).
The output of this task (1.7) consisted of the spacecraft and launch
vehicle data needed for program cost estimation in the following task.
Task 2
The objective of this task was to generate program costs (including
spacecraft, GSE, launch vehicle, etc.) associated with single-mission and
multi-mission spacecraft considered in the study. Each program cost
estimate is the sum of three major segments: DDT&E, Production, and
Operations.
Program scenarios were developed for each mission in the study (2.1)
to aid in estimating operations costs by fixing start and end dates of
DDT&E, Production and Operations, launch dates (initial as well as re-
supply) and retrieval dates. This information also enabled determination
of spacecraft production quantities.
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Recurring operations costs (2.2) were estimated in the.following
categories:
* Launch vehicle and launch operations
* Flight operations and services for the spacecraft platform
(excluding Mission-peculiar equipment data management)
* Spacecraft logistic support.
Non-recurring facility and GSE/STE costs were estimated for each
mission (2.3).
Mission peculiar instrument costs (non-recurring and unit recurring)
were compiled from vendor data and/or estimated by analogy.
Cost estimating (2.5) was performed by a hybrid, parametric/account-
ing estimate approach. Table 15-4, based on the gross level Work
Breakdown Structure, indicates which items were costed by each method and
the items omitted from the overall cost estimate.
The parametric cost model was the computerized SAMSO model for un-
manned spacecraft detailed in SAMSO TR. No. 73-247 and dated July 1973. The
model generates life-cycle cost data and provides the traceability and con-
sistency of results necessary for the performance of the economic analysis
in Task 3. Inputs to the model are spacecraft physical and performance para-
meters, as well as the estimated cost data detailed in Table 15-5. The
model consists of a set of spacecraft subsystem cost estimation relation-
ships (CER's) which are statistical regressions from a historical spacecraft
cost data bank. The model incorporates several "vehicle level" cost
estimating factors for estimating such costs as System Engineering, and
Management. The model does not estimate all cost elements in the total life
cycle or program cost matrix. These costs, notably the recurring operational
costs, were estimated "off line" and then inputted in the model. The output
of the model is in the general categories of DDT&E, Production, and Operations.
DDT&E, and Production costs are generated at the spacecraft subsystem level,
which was detailed enough to allow performance of the economic analysis in
Task 3.
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Task 3
The purpose of this task was to perform the economic analysis of cost
data generated in the previous task.
The cost estimates from the previous task were modified to reflect
learning acquired in earlier development of closely similar spacecraft (3.1).
A computer program called Total Program Cost Distribution, TPCOD2,
was used to generate annual funding distribution both undiscounted and dis-
counted to 1974 dollars (3.2). Annual funding distributons were made for
all the single-mission spacecraft and multiple-mission spacecraft in the
three major cost categories of DDT&E, Production, and Operations. The
funding distributions in these categories were made in accordance with
pre-selected beta-distribution functions and the start and end dates of
the given expenditures.
Item 3.3 refers to final comparison and analysis of the cost informa-
tion.
Discussion of Task 1-Work:
Obj ective:
The purpose of this task is to define spacecraft subsystem character-
istics needed for determination of spacecraft costs and for establishment
of launch vehicle properties.
Definition of Spacecraft Subsystem Requirements:
The EOS mission requirements are summarized in Figurel5-2.These are
presented as profiles to emphasize the cost drivers. For example, it is
apparent from the profiles that the instrument power requirements for
Mission EOS-Dcallfor the maximum output power subsystem in the entire
mission
These requirements were translated into spacecraft subsystem designs
of sufficient depth to establish weights, solar array area, etc., as
needed for estimating spacecraft costs.
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Selection of Spacecraft for Study
Eight missions were considered in the study, namely EOS A, B, C, D
(SEASAT B), E (Tiros 0), F (SEOS), G (SEASAT A), and H (SMM). Spacecraft
considered were:
* Eight single-mission spacecraft, one for each mission.
* Eight Grumman basic spacecraft, each with mission-peculiar
additions to GAC "standard" subsystems as needed to capture
each mission.
* A multi-mission spacecraft with "high-performance" subsystems
capturing missions A to C, accompanied by single mission
spacecraft for missions D to H.
* A multi-mission spacecraft with "high-performance" subsystems
capturing missions A to E, accompanied by single-mission
spacecraft for missions F to H.
For the cases involving a mix of multi-mission and single-mission spacecraft,
the fundamental objective was to establish the lowest total program cost for
all 8 missions. This will depend upon the cost of the multi-mission vehicle
and the cost of its accompanying single-mission vehicles. As the multi-
mission spacecraft captures more and more missions it acquires weight,
complexity and, in some cases, increased launch vehicle costs. Simultaneously,
with increased capture capability of the multi-mission spacecraft, the number
(hence cost) of the accompanying single-mission spacecraft decreases. The
minimum cost situation is represented by some combination (multi-mission
vehicle and its accompanying single-mission spacecraft) out of many possible
combinations. Two such combinations were selected for this initial phase of
the study, one having a multi-mission spacecraft with moderate capture capa-
bility (A to C) and one with fairly extensive capture capability (A to E).
These selections were based on the original mission model consisting of EOS
A to E. It was assumed that the most economical spacecraft combination would
be one involving the smallest number of single-mission spacecraft. This is a
reasonable assumption unless the development cost or launch vehicle cost of a
highly capable multi-mission vehicle were to offset the cost savings resulting
from few single-mission vehicles.
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Based on the size of the current mission model (8 missions), there are now
127 possible combinations of single and multi-mission spacecraft which could
capture the 8 missions, each multi-mission spacecraft accompanied by single-
mission spacecraft as needed. Each such mix represents a potential minimum
cost program of 8 missions. Since it is impractical to cost all 127 spacecraft
designs, the number was greatly reduced by the approach illustrated in Table
15-6.
Table 15-6 considers all possible multi-mission spacecraft for the 8-
mission program, 127 in all (Column 1) grouped in accordance with their sub-
systems capabilities (Column 2). Since all spacecraft in a group contain the
same subsystems they are quite similar from a spacecraft cost standpoint. They
all differ, however, from an 8-mission total program cost standpoint because
each requires a different number of accompanying single-mission spacecraft to
complete the total program of 8 missions. The greater the capture capability
of the multiple-mission spacecraft in a group, the fewer are the required
single-mission spacecraft. The minimum program cost for a group was assumed
to be the one with the fewest single-mission spacecraft, with the reservation
that there is a greater weight and complexity of the multiple-mission space-
craft and the possibility of an increased launch vehicle lift requirement for
some missions. Thus the group member suggested for cost estimate would be the
one with fewest accompanying single-mission spacecraft. As a check on the above
assumption, some group members with more than the minimum number of dedicated
spacecraft should also be selected for cost estimation in the next phase of
the study. Suggested selections are marked on Table 15-6.
Progressing down Table 15-6, the cost of the multi-mission spacecraft in
each group decreases because the subsystem capabilities decrease, but the mini-
mum number of single-mission spacecraft (hence program cost) increases. At
some point in the table the program costs become prohibitive and groups below
this point can be elininated.
With the above approach the number of cases to be considered was reduced
from 127 to approximately 10.
Results
The results of this task were selections of spacecraft to be studied and
determination of their weight and performance factors necessary for the space-
craft costing and launch vehicle determination.
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Discussion of Task 2 - Work:
Objective:
The purpose of this task was to generate program cost estimates,
missions EOS-A to EOS-E, SEOS, SEASAT-A and SMM for each mix of single
mission spacecraft and multiple mission spacecraft considered in this
study.
Approach:
The cost estimating function was accomplished by means of the SAMSO
Cost Model for Unamanned Satellites, as presented in SAMSO TR No. 73-247,
July 1973. Grumman has computerized this model, for use in generating
projections of Life Cycle Cost, LCC, for future unmanned spacecraft
program concepts.
The core of this model consists of a set of spacecraft subsystem para-
metric cost estimating relationships, CER's. Parametric estimates of this
type maintain the basic premise that the cost of developing or producing
a given system or subsystem is related in a quantifiable fashion to its
physical or performance characteristics. The costs of a given system
or subsystem are related mathematically to a cost generating variable or
variables, such as weight,solar array area, and solar array output. The
CER's in the SAMSO model are statistical regressions of cost data from
19 Air Force, NASA and COMSAT unmanned spacecraft programs relating cost,
the dependent variable, to physical and performance parameters of the
spacecraft, the independent variables. The CER's were developed for the
direct cost. In addition to the CER's the model incorporates several cost
factors which are applied on intermediate cost data at different stages
of the estimating process. Some cost items are not estimated by the
model; these costs, notably the launch vehicle, recurring operations costs,
and instruments, must be estimated "off line" and then inputted to the
model, where they are combined with costs generated internally. Figure
15-3 indicates the scope of the model as applied to the Follow-on
Mission Economic Study. Table 15-7 is the Cost Model matrix showing
the cost categories. Figure 15-4 is the cost model flow chart for
a typical cost estimating procedure. The input requirements and output
categories are presented in Tables 15-5 and 15-8 respectively.
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The specific factors for design inheritance were developed for each
spacecraft subsystem based on GAC experience with the OAO and they were
the weighted averages for design and test requirements to integrate the
specific set of mission instruments and to provide for the selected
launch vehicle environments.
A computer routine was provided to compile the DDT&E cost data from
Task 2 in a file and to operate on this file by the design inheritance factors.
The output of this intermediate operation was then fed in a computer program
called the Total Program Cost Distribution, TPCOD2, which was used to generate
annual funding distributions both undiscounted and discounted to 1974 dollars..
(3.1). Annual funding distributions were made for all the single-mission
spacecraft programs and for all the multiple-mission spacecraft programs;
they were generated for the three major cost categories of DDT&E, Production
and Operations. The funding distributions in these categories were generated
in accordance with pre-selected beta-distribution functions, and the start
and end dates of the expenditures.
Referring to items 3.2 and 3.3 in the work flow diagram, NASA's addi-
tional costs and future savings were determined for each mission mix. The
process is illustrated as follows:
Let A, B, C, D, E be the specified missions in the mission model.
Let DA PA' OA' be the DDT&E, Production and Operations costs for
Mission A, utilizing a mission-dedicated spacecraft.
Let DB, PB' OB, be the above category costs for mission B, etc.
Let DAB' PAB' 0AB be the DDT&E, Production, and Operations costs for
a multiple-mission spacecraft capable of flying missions A and B.
Let DABC ABC' OABC be the analogous costs for a multiple-mission
spacecraft capable of flying missions A, B, and C.
Let A D be the additional DDT&E cost which is incurred if additional
performance capability is added in the EOS-A spacecraft
subsystem modules (EPS, ACS, and C/DH).
Lets AP and A Q be analogous incremental costs in the Production and
Operations cost categories.
Let SD, SP, SO be the savings realized in:DDT&E, Production and
Operations, when multiple-mission spacecraft are utilized.
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In order to determine the additional cost penalty for combining missions
A,B, and C in a multiple-mission spacecraft, for example, the following
expressions were used:
DABC= D - DA
PABC PABC PA
OABC ABC 0 A
To determine the savings realized when combining missions A, B and C in
a multiple mission spacecraft, the following expressions were used:
SDAB C = DA + DB + DC - DAB C
ABC = PA + PB + PC 
- PABC
SOABC = 0oA + OB + 0oc - OABC
The above algorithm was performed on the individual mission basis, as
well as for the total of all the missions considered in the study.
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TABLE 15-1 PROJECTED COST SAVINGS
S/C MISSION % SAVINGS IN % SAVINGS IN % SAVINGS IN % SAVINGS IN
CAPABILITY MISSION DDT&E FOR DDT&E + PRO- TOTAL PROG. TOTAL PROG
LEVEL ALL MISSIONS DUCTION FOR FOR ALL FOR ALL
ALL MISSIONS MISSIONS MISSIONS DIS-
COUNTED @ 6%
A Only A
B Only B
C Only C 0 0 0 0
D Only D
E Only E
SEASAT A only SASAT
SEOS only SEOS
SMM only SMM
A to C A
A to C B
A to C C 4% 1% 1% 1%
D only D
E only E
SEASAT A only SEISAT
SEOS only SEOS
SNM only SMM
A to E A
A to E B
A to E C
A to E D 19% 10% 8% 8%
A to E E
SEASAT A only SEASAT
A
SEOS only SEOS
SMM only SMM
GAC B/L A
GAC B/L Ex- B
tended C 31% 22% 17% 19%
D
E
SESAT
SEOS
SMM
15-13
TABLE 15-2 - PROJECTED TOTAL PROGRAM COST SAVINGS BY MISSION
S/C Mission EOS o- Savings by
Capability Level Mission Mission
A only A 0
B only B O
C Only C 0
D Only D 0
E Only E 0
SEASAT-A only SEASAT - A 0
SEOS Only SEOS 0
SMM only SM 0
A to C A -16
A to C B -4
A to C C 27
D only D 0
E only E 0
SEASAT-A only SEASAT - A 0
SEOS only SEOS 0
SW only SMM 0
A to E A -18
A to E B -4
A to E C 27
A to E D 21
A to E E 27
SEASAT-A only SEASAT - A 0
SEOS only SEOS 0
SMM only SMM 0
GAC B/L A 1
GAC B/L Extended B 1
GAC B/L C 20
GAC B/L " D, 21
GAC B/L " E 22
GAC B/L " SEASAT-A 14
GAC B/L " SEOS 24
GAC B/L " SMM 39
NOTES:
EOS-A and EOS B missions include 2 S/C Each
EOS-C, D and E .missions include'l S/C Each
SEASAT-A, SEOS, and SMM include 1 S/C Each
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Table 15,3 - MODIFICATIONS TO THE BASIC GRUMMAN EOS
SPACECRAFT TO CAPTURE ADDITIONAL MISSIONS
MISSION SUBSYSTEM CHANGES REQUIRED IMPACT ONSBASIC S/C COSTEPS ACS COMM & DH OA Structure DDT&E PROD.
A NONE NONE NONE : NONE, NONE 0 0
B NONE NONE NONE Add 1 tank. Increase 2
capability.
Add 2 batte-
C ries (each 2CHeavier wheels NONE Add 2 tanks. Increase 25% 4%
amphrs. & and torquers Add SRM. capability,
solar array
area
D Add 2 batte- NONE NONE NONE NONE 1
ries & solar
array area.... 
.
E Add 1 battery Heavier wheels & NONE Add 2 tanks. Increase 31% 41%
& solar array torquers Add SRM. capability
area
SEOS NONE Heavier wheels NONE Add 1 tank Increase 58% 35%
& torquers capability
SEASAT Add 1 battery NONE NONE NONE NONE 14% 4
A & solar array
area
SMM NONE Heavier wheels NONE Add 1 tank NONE % 32%
& torquers
TAELE .15-4
COSTING METHODOLOGY UTILIZED IN STUDY
WBS NO. ITEM METHODOLOGY
1.0 EOS PROGRAM
1.1 NASA PROG. MGMT OMITTED
1.2 DMS OMITTED
1.3 INSTRUMENTS VENDOR DATA/ANALOGY
1.4 FLT OPS & SERV. ENG. ESTIMATE
1.5 LAUNCH SYS VENDOR DATA
1.6 SHUTTLE RESUPPLY PUBLISHED DATA
PROJ.
1.7 SPACECRAFT PROJECT PARAMETRIC ESTIMATE
1.7.1 PROJ. MGMT. BY FACTOR
1.7.2 SYS. ENG. & INT. BY FACTOR
1.7.3 SPACECRAFT PARAMETRIC ESTIMATE
1.7.4 S/C GSE ENG. ESTIMATE
1.7.5 LOGISTICS SUPT. ENG. ESTIMATE
1.7.6 FACILITIES ENG. ESTIMATE
1.7.7 VEHICLE LEVEL TEST PARAMETRIC ESTIMATE
1.7.8 S/C REFURB. BY FACTOR
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TABLE 15-5 SAMSO - INPUT REQUIREMENTS FOR THE UNMANNED SPACECRAFT COST MODEL
NON-RECURRING (NR) UNIT RECURRING (UR)
COST DRIVERS COST DRIVERS
Dispenser Weight per Spacecraft Dispenser Weight
Structure, Thermal Control Subsystem Weight Subsystem Weight
and Interstage
Propulsion Total Impulse (lbs-sec) N/A
Communications
Primary Subsystem Weight (X1)Max Array Output (X2 ) Subsystem Weight
Secondary Subsystem Weight
TT&C Subsystem Weight Subsystem Weight
Combined Communications
and TT&D Combined Subsystem Weight Combined Subsystem Weight
EPS Max Array Output (watts) Product of Wt. and Area
ACS Subsystem Dry Weight (X1 ) Subsystem Dry Wt. (X1 )No. of Axis Stabilized X2) No. of Axis Stabilized (X2 )
Program Level Other NR Other UR
AGE Analogous N/A
Launch & Orbital Ops Support N/A Analogous
TABLE 15-6 SELECTION OF MULTIPLE MISSION SPACECRAFT
SUSYSTM SPACCAT
M:LTIPLE SUBSYSTEM ACCOMPANYINr SPACECRAFT MULTIPLE ACCOMPANYIN 
SPACECRAFT
I SIMISSION siNe-MISI SUCCESTED MISSION r I 0 N'ILI! SUGGESTED
PACECRAF FORA SPACECRAFT SPACE- MISSION FOR
ANALYSIS CRAFT SPACE- ANALYSIS
S0CRAFT
ACDF 455 .001435 .46x10 BEH ABDF 5 014 0 46x CEGH
ACDFl BEG ABDFH CEH
ACDFG BEH ABDFG 
CEH
ACDEF B;H ABDEF 
CGll
ABAD9 ,H ABDFQI cASODO EF ABDEFH C(
ABCDFOEF ABDEFG CHBUcF ABDEFGH , I (
ABCDEF BH ABDEF 5 01 
300 9310 CEFG
CDEF H EG FG
ACDEGSI BE ABDEH 
CFG
ABCDEF I! ABDGH 
CEF
ABCDEFH ABDEGH x 
6  CF
.5H . X D H0
ACDEFGH B ABD 4 01 300 xlO 
CEFGH
ABODEF H ABDE 
CFGH
ABCDEFH C ABDGH 
CEF
A H NONE X ABDEG CF
ACDGH B4 ADEFH BCGH
ACDEH ADEFG BCHBCD BD DGH , • 
CE "
ABCDF G ADEH 55 .001 200 
.93x10 BCF'G
ACDEI D ADEGH 
BCF
AODEN ADE 455 
2 0 1Ox0 BCEGH
__E_ _____ 
ABDEG - BCFH
ABCD(- 1 ,C . 6x1. 1EGH 4 50 46xi BCEGH
ACF B5 .001B 3 .014 E300 DEG CDE
ACGH BDEG ADF 
BCEG
ACFG BDEH ADFG 
BCEH
ABCF DEGH A GH 
BCE
CEI DEG ADH 5 .0016 1 .93x1 BCEFO
ABCEFI DE ADGH 
BCEF
ACFGH DEI ABG 350 .014 
00 CDEH
ABCFG DT ABF 455 .01 
00 OR CDE
ABCF DB H ABEFG 
CDH
ACEFG 5 DH ABGH 350 .001 300 .93 CDEF
ca D, ADBEG .L CDFH
ACH . BDEFG AH 
CDEFG
ABCH BDEF AB 200 .01 300 CDEGH
ABCH 3 93x0 BDEFG ABEFH 200 .001 300 .93 
CDEG
ABCH DEFHA 
- CDGH
ACEI DGF ABEH 46 .0016 
0 . 93 C EFG
AEC BDEfG ABE 6 .01 
0 10 CDFGH
AE I BDF AEFG 50 .01 300 .46 CDH
ABODG yAE3j BEFG SGO0 CDH 
_
ABCD BDEFH ABEF 
28 .001 16 BCDGH
CDE FG ABE 2 .01 
0 ixO CDFGH
ACDI BFH AFGH 350 .001 
120 .46 BCDE
ABCD DFH AF 
BCDEG
ABCDE F AFG y BCDEH
AC 455 .01 435 1xl BDEFGH AH 0 
CDEF
AC I DFGH AG 50 .01 150 I0 BCDEH
Ac0 FGH
ACEG BDFH
ABCO DEFN 1 A B.DE
ABCDG DEFEH 
CD
ABCE.H  
0 DFGCD
SX DOTS AH 200 .001 
1 .93FOR ANALYSIS
AC 50 .o BF35 AxlO 1 0 1H 
I BCDEF
AC, BD* DEOTES ANALYSIS COMPLETED
** DENOTES CASES BELO THIS POINT LKEY TO AVE CONTINUALY INCREASING PROGRAMBCD ER
ACCOSTS BECAUSE OF LARGE NUMBER OF SINGLE-MISSION SPACECRAFT
AB DEF15-18
DFG
2 *X DEOTES SUGGESTED FOR ANALYSIS
3 * G DENOTES ANALYSIS CO6PLEED
TABLE 15-7 SAMSO COST MODEL MATRIX
SUBDIVISION OF WORK NON-RECURRING RECURRING TOTAL
AREAS OF ACTIVITY COSTS COSTS COSTS
I. Dispenser X X X
2. Interstage X X X
3. Spacecraft
A. Spacecraft Level (Integration & Assembly) X X X
B. Spacecraft Subsystems
(1) Structure X X X(2) Thermal Control X X X
(3) Propulsion X X X(4) Communications X X X
(5) Telemetry, Tracking & Command x x X(6) Electrical Power X X X
(7) Attitude Control X X X
4. Flight Hardware Level X X X
5. Aerospace Ground Equipment (AGE) X -- X
6. Launch & Orbital Operations Support (LOOS)
7. Program Level (Not Subsystem Peculiar)
A. Program Management X X X
B. Systems Engineering X X X
C. Systems Test & Evaluation X 
-- X
D. Acceptance Test 
-- X X
E. Data Management X X X
TABLE 15-8 OUTPUT CATEGORIES SAMSO-UNMANNED SPACECRAFT COST MODEL
NON REC.
REC.
o Structure, Thermal Control, X X
and interstage
o Propulsion X X
o Communications X X
o Telem., Trking & Command X X
o Elec. Power Supply X X
o Attitude Control X X
o Program Level X X
o AGE X
o Launch & Orbital Operations X
support
o Burden & G&A X X
o Fee X X
o Spacecraft Program
Total
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TASK 2 PROGRAM COST ESTIMATION.
AND SUMMARIZATION Esta@ih Programmatic INPUT
I o Shuttle Utilization Launch Veh. Data
r" o Annual Operating 22from 1,7
INPUT Generate Progra O2.2
Scenarios for
o Definition Each Mission Exercise Cost Model Summarize Totalof S/C for Estimate Facilities SE Summarie TotalStudy Costs Program Costs for
Mission/SC
From 1.2 2.1 2.3 Combinations.rom 1.2 2.1
o DDT&E
Assemble Instrument Costs a Production
2.5 o Operations
2.4 2.6
TASK 3 - ECoMc mN~YsIs
STUDY OUTPUT
INPforT Develop Redunhctioane tors Exercise Model for Annual Compare & Analyze a Savings Realized infor Cost Reduction Due to Funding OLstribution of Program Costs Using Utilizing CAC Baseline,Summary Previous Experience with Cash Flous p S/C in 1.2 and Utilizing C BaselineRe ,sd c SC or S/C Mixes of 1.2of 2.6 GAC Baseline S/C Compared to Single -3.1 3.2 3.3 Mission Spacecraft.
F0 OSA - ATA 1AN Go D  H D\N
'MISS0M s0 SMA(5xid") '--
DESIG1ATOR - ASEOS()
C aSEOS(Go) 
_.' -
E _OSEASAT A(,G) -
100 a00 300 400 500
M85
A INSTRUMENT POWER
M\SION e -
DESIaG fOR -- -
, sE s(llO) ID -
oSMM --
E (174)x - M SEASAT A(350)
I I I I I
200 i00 400 900 1000
WATTS
A-
A POINTING ACCURACY
MISSIO B x
DESIGNATOR
c-
D o0SMM(.001) D(
E A S EOS(.0014) x SEA SAT A ( Z5*)-
I I
.005 .01 .015
DEGREES
A-
A ASEOS STABILITYA' ASEOS
.4- C.) xMISIO 
DESIGNATOR
C-
O D fSEASATA(0 5-)
I I I
DEGREES/ SEC
E-59 Fig. 15-2 Subsystems Requirement Profiles
15-22
. 0 ) C0U aL SPACE PROGRAM
2. CODE
I ORBITING I SPACE
I (OPERATIONAL) (EPERIMENTAL)r ------- J L
SUBSYSTh ORIENTED EPPORINAY INCLUDE:
STATO V EA. PROGRAM ANAGEMENTB. SYSTEMS ENGINEERINGC. RELIABILITY, Q.A.
D. FABRICATIONE. MATERIALS
1P 1 IP . LABOR(ENC.,MP.,OTHER )
C. DOCUMENTATIONS -
- I - B. SUBCONTRACTS
J. SYSTEMS TEST & EVAL-
MISSION INTEGRATION SPACECRAFT PROGRAM LAUNCHEQUIPHET AS BLY PLATFORM LEVEL AGE & ORBITAL
OPERATIONS
1 1 O 1
SENSORS CAMERAS OHERS COMMUN- INTERATION
ICATIONS ASSEMBLY STRUCTURE THERMAL PROPULSION EPS ACS sTC& TEST CONTROL (ARM)
Fig. 15-3 Cost Elements for Samso Unmanned Spacecraft Cost Model
CraR rara ct b P ac ADDAD
tationt
(s ther Apply of Hard- Apply Apply Ap- l S- at re Apply
Parameters Hardare re Dirct Inflatim rinrorsa Direct urd " ADD A
,, ~ ~ ~ ~ ~ ~ ~ n Iee ,, Cztt'Fco JILOCES Cost Factor vFactor Cc o [ Factor S FEcs
Fig. 15-4 Flowchart of a Typical Unmanned Spacecraft Cost Estimatin Procedure
SlatL 
ADD
ERS Cost Fatr Factor cd' ost FUtr YS g
FactorSubtotal
Fig. 15-4 Flowchart of a Typical Unmanned Spacecraft Cost Estimating Procedure
97 1977 1978 979 1980 198 
1982 193 I98
4 7
EOS A S/COuILAUNCHjS/C-ELAUNCH
D GDEVEL.eFAB. ///// ORBITAL IOPS
ALLS I NGLE
MISSION S/C S/c OLAUNCH OC*P LAUNCHEOS B i DES.DEV., ARTAL OPS TO 192
10 SPACECRAFT 0 T 1
LAUNCH
8 DES\GNS F0l C YDES. DEVA FAB.//// ORBITAL OPS
I ILAUNCH
EOS D //DES, DEV,& FAB. ORBITAL OPS - TO 198
LAUNCH
EOS E //DES.,DEL,FAB///-ORBITAL OPS ---- TO 9
LAUNCH
V11L 0I S 0 P4 &A 6, WRA L o
LAUNCH
S DEV,FAB./ ORoPS SEASAT-A
I LAUNCH
/DES.,DEV., FA B.///// -"// 08.0 SMM
* FIRST SIC TAKE 3 YRS. FOR DESIGN
DEVELOPMEN'T AND FABRICRTION TO LAUNCH
* FOLLOW- OW SIC USE EXPERIENCE OF FIRST AND TAKE
12 MONT S FOR DES. DEV. AND 15 MONTHS FOR FAI3RCATIO
tEACH S/C REMAINS IN ORBIT-LE:NOT RETRIEVED TO E
MO -IED FOR A FOLLOW-OVI
E-45
Fig. 15-5 Program Scenario
15-25
197r 1977 1 1978 1 9-1 J 1980 198.1 1982 11983 1984
1 2 3 4 5 7 9
EO A _LAUNCH LAUfCH
MULTItE
MISSION LAUNCH LAUNCH
sic,
EOS a A ORBI//A o .TAL OPS 70o19-.
LAUNCH
E805 C ///FA- A-- Os. oPS
LAUCH
EOS D Y S, DEv..AB 0----OR. OPS ~ TO 9%L
L AUCH
EOS E. DES. DEV FAA 8 ORB. OPS TO 992
LAUNCH
SES 50, SSDV. & FAB. / ORB. OPSMISSIONI
____D__V**F ORO5 SEASAT-A
Fs., DEV. L FAB./ ////A-ORB.oPS-- SMM
SI I I
4 DESIGNS
10 SPACECRIFT * EOS A,BA'C ARE ONE DESIGN
Fig. 15-5 Program Scenerio (cont)
15-26
15G 1177 1978 1979 990 1981 [ 8e 1983 1984
, 1 3 4 5 4 s G -78 9
EOS A LAUNCH LAUNCH
S/DE, aFABV A //////A.- ORIi OPs
LAUNCH LAUNCtt
MULTIPLE + +
MISSION eos AB/ orRB. oPS TO n19
S/iC LAUNCH
EOS C YIAB I-- ORB. OPS
LAUNCH
EOS D //rAB./ 0-ORB. OPS TO I. ,
SS //AB.///O0 RB. OPS TO% 3
sOS // es.,EV_./_/,/ .P
SILMCE / ACH
MI/SSION ES., DEV. ./////// ORB. SEASAT-A
siC LAUNCH
E i 5., D .EV B. .I///// T o.OPS SMM
+ DESIGNS
10 SPACECRAFT
Fig. 15-5 Program Scenerio (cont)
197 19 97 19 1 0 198 I 1%9 195 18
I - 3 { 7 ~ I5 1
LA Nt LA t4 H
//DES, DEV.& FAB./////---- . I 0S
EOS A LATHCH LAVKH
Sf/C LAUNCH
EOS C / A .//// ORB. OPI * LA FC
EOS V,*AR. OPSORB OPS
00 LA 5ACA
EOS E 'AB ///A O--s.. PS TO %99
LAUCH
SEOS /FA.// SOS. OPS
//PA$ /// 09 S..ASAT- A
LAUNCH
7FAB. //ORB.ORPS SM
Fig. 15-5 Program Scenerio (cont)
SYSTEM TRADE
STUDY NO. 16
QRUMMAN..
r TRADE STUDY REPORT
TITLE TRADE STUDY REPORTNO.
Single Satellite Versus Multiple Satellite 16
WBS NUMBER
This study has developed as a result of our first phase effort. It will be
conducted during the next phase and the results included in the final report.
See Report No. 3, Design/Cost Trade-off Studies, Section No. 6.16 for further
information.
PREPARED BY GROUP NUMBER & NAME DATE CHANGE
LETTER
REVISION DATE
APPROVED BY PAGE 16-1
*GAC 3711
3-72
SYSTEM TRADE
QTlllV 1I 'I=
UMMA TRADE STUDY REPORT
TITLE TRADE STUDY REPOR
TITLE TRADE STUDY REPORTNO.
Management Approach WBS NUMBER
See Report No. 3, Section 6.17 and Report No. 4.
PREPARED BY GROUP NUMBER &NAME DATE CHANGE
LETTER
REVISION DATE
APPROVED BY PAGEPAGE 17-i1
R*AC 3711
-72
SYSTEM TRADE
STIlfY n 1A
GR ATRADE STDY REPORT
TITLE TRADE STUDY REPORT
NO.
TEST PHILOSOPHY WBS NUMBER
E-18 Test Philosophy
All Test Philosophy Trade Studies are documented in Section 3
of the Management Approach Report. (Report No. 4)
PREPARED BY GROUP NUMBER & NAME DATE CHANGE
LETTER
REVISION DATE
APPROVED BY
PAGE 18-1
*GAC 3711
1 72
SYSTEM TRADE
STI inY ln 1a
GRUMMANTRADE STUDY REPORT
TITLE TRADE STUDY REPORT
NO.
RELIABILITY AND QUALITY ASSURANCE WBS NUMBER
See Report No. 3, Section 6.19
PREPARED BY GROUP NUMBER & NAME DATE CHANGE
LETTER
REVISION DATE
APPROVED BY PAGE 19-1
*GAC 3711
3-72
